PIGMENTS 



The {ipplicatiom^aiicl use of pijpuentfi in the manufac¬ 
ture of painf:^ for artistic pnrfY)se» is of flfreat antiquity. 
In the carHest ju^riotls hntmi v^e liave evitleiictn that 
lirove conclusively that tj^c aimients untleratootl color- 
making and the use colors for ornanventation* During 
tlic late conturies great iTidiisfrial progress has dcvelopcci 
the manufacture and selection of imtural and artificial 
pigments fr>r paint use. In this hook avg will, of course, 
only CoTiHid(‘f ehiefly thnse paint pigments ]>ertaiiiiug to 
tlie line arls. Tln^se pigments are, hoAvever, tlie same as 
uAed ill all hrmiches and ]>liases of judnt making, laitli for 
;^rtisti{‘ di'coration as weOl as for protee'^ive requirements, 
the various teclini(|uos deptnidiiig essentially on the re- 
siH^elivc^ vehiejes or methods of mnnipulation. 

We distinguish fagTueiits front fuiints in that the latter 
are ]>r(^)mred froui the former Ity the addition (,/ ii veluele 
or medium. Pigments jjiffer from dyes, as color-ghiiig 
agents, hy the fat't of their being iiisoluhle ami eht^mi- 
eally'cttmpatihle with the veliieio'employed, whereas thei 
dyes are lUMially sohd^e, - 

Pigments in rinler to ho leriiied and used successfully 
ns such^should met't tiie following qualifications; he rcas- 
onahly, or ludter altogether, permanent under exposure 
tq light and air, ehemically inditfereut to eaclwrthcr in 
admixture, and md read with the vehicles employed or ' 
suffer thenOty Inealculahle alteration in hue. 

■v.t,The important facts to he epnsiderod, when selecting^ 
pigments, are: 

T, The elu'inieal conijK^sition and ]ih\>ical i>r^i]>erties 
of the*pigment, 

IL AYhetlier the pigment is ahsohifiely safe and de¬ 
pendable, durable and i>ermaiient ^to light, atmosphere. 
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gases^ reacts mtli other pigments c^r velucles/and 
Avhetlier uffeeteil by these wbeii in mixture. on^ rea- 
Hoiiably safe, or if not safe to use at all, y^hy anti in what 
instances, and what changes are likely tdtg>cctir, 

III. How tlie pigment is recognized chemically and 
physically. How detected from other pignjpnts identical* 
ki optical appearance* ^>imple qualitative analysis, de¬ 
tection when atJnlterated or Avhcii in mixture with other 
pigments. 'Its chemical propt*rties^ 

IV. AVhicii ]>i^j&ne]its are natural <iv artificial products* 

^"* Ill wliftt manner obtained and prepared, if of natu¬ 
ral origin. If artificial, how made and from what various 
suhstaiiees. 

A"I. Is it no oj^aque or transimreiit cohu*, anti as an 
oil color, dtjos it influence the drying of the oilsT 

A'"!!* To which painting toehniqucs'^^oil, water-color, 
temj^era, pastel, fresco, stiu'oochromy, etc,—is the pi^ 
meat adaj)tah]e* If unsafe in certain techniques, why? 

A"IIL' Does the jugmeiit appear coniiricrcially under 
several lu^me'!? 

Imitation pigments. How roogniKcd and if the 
imitation has dangertms adultc^i'^oils, !ujw deUH'ted and 
whieli substitutes ait^besi avoided. 

Pigments wdicn selected for ttie piaimfacture of artists’ 
paints, require most careful inspect ion anti testing of 
their chemical and physical properties. PciTnanency is 
l)orhaps the most important factcu* and the 'j>igment 
shoTddmeet this ffualifieation in its broadest interpreta- 
ticni; namely Ijc )iermauent to liglit and air, in mixtifre 
with other ])igmcuts and vehicles and according to^the 
technique in wdiich it is apy>lied, it'slionld he water-proof, 
aiktdi-]>ro(d', acid resisja/it, gas-pi'ocif, Itmc-proof, etc. 

Pigments aye said to ho gae-rcjiistiiig w^hen such gases 
most commonly met witli,>ns llydrt^geh Sulphide (IJ2S), 
Sulphurous Acid Gas, Chlorine and Carlxinic Gas do not 
react with them. Sulphur, either in the'form of a sul- 
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pHde or acid, is the one most commonly met with and the 
one wticB js the most important to guard against. This 
element is found,in the gases coifting from decaying oi* 
putrid, animal !^p)d organic matter, marsh Waters, or 
swamps and in coal gas. AW tlio inert ]jigineiits, sucJi as 
Permalha, Terra Jfll>a, Asbestine, etc., along with Litho- 
pone, Zinc and Sublimed Leaft, Venetian and Indian 
Re^, Ochre, Oxide of Chromium, rfli Blackt^, all Blues ex¬ 
cepting copper blues^nd nfl Broitn eartli pigments and 
Red L^^kes wliicli are free from lead, are practically gas¬ 
proof. 

Pigments are said to be acid-resisting when no change 
is evident through reaction with such mineral or organic 
acids, commonly met with, as Oleic, Acetic, Sulphurous 
an^ Sulphuric Acids. Oleic Acid is present in the vege¬ 
table oils, also Siilphnrous^and Sulplntnc Acids hut the 
two latter only if not entirely removed from chemically 
bleached or refined oils. Acetic Acid is i>reseut in lead 
pigments^ that have not been ])roperly washed* * 

Strung acids, w^icli will more less atinc^ all lug- 
meiits, rarely coineVi contact with finished paintings hnd 
tlie ahttve mentioned Av^'^alcer acids are re]U'eseiilafive to 
use inj[Iet<^rmiMaticjns. Tlie iiigmentT^ listed above as gas- 
resistant can also he accepted ns acid-resistant. 

Pigments are alkali-proof, if in tlie preseiiee c^f am¬ 
monia or other alkalies they siifTcn' no change^a test for 
which is*<lo IkuI the pigment for ten minutes in a 10 ]vr- 
cent solution of ammonia. All inert pigments ivi^li the 
exception of clays, whiting and Terra Alba (gypsum) 
which arc slightly attacked, Venetian Red and Indian 
ReJ, Ochres, Oxide of Phitmiii^m, Siennas, (’ohalt Blue, 
Poiicalba, Lamp Black and IvoiV Black, etc., are practi¬ 
cally alkali-proof. 

Pigments that undergo no change after being mixed in 
lime Vhter for twenty-four hours arft practically lime- 
proof. This (pftjity is greatly in demand since tijc inno- 
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vatioii of flat wall-paints for inteiior,deco ration. If 
lime is present in tlio wa}l^ a spotting and noticeable dis¬ 
coloration of the iion-iime-proof puiiit iresii\ts* The, fol¬ 
lowing pigments are practically lime-jjoof: Perflialha, 
Ijithopone, Oxide of Ohrominm, Hrown^arlh Pigments, 
Red Lead, Rnglisli Vermilion, Natural Ir^>n Owden, all 
Blacks, Oobalt and liltramariiio Blue, etc. 

Permanency of OoUn' Pigments in tlic fine arts is 
ally nnderstood to convey that quajity with reference to 
exposure to ordinary lighting or illumination, will 
consider the permanence of individual pigments in their 
admixtures and for the purpose ami witli what ^'chicles or 
mediums they are intended t<j he used, wh^m c<msidering 
them separately. 

Today the numlier of pigments available is very la^e* 
They are, howev^o', mostly of simple nature, the iinmher 
of elements eiiteriiig into tln'ir comi^ositioii not heiivg 
large in lUimb^T, Many beautiful and richly colored com¬ 
pounds caiiind l)0 accei>ted into the selection (d.pignieiits 
fo( artis+s^ use, owing to llicir exccer^Migly fugitive cliav- 
acter, lacking inertness ami (he rerjiiLvd stability, 

Pi^enls of which the constituent particles art bumo- 
geneons, sneh as most clicmical colors, for*oxymple, 
Chrome Velbnv, AVrmilion, cU\, are ternic(K«?a/^H^7fn^/nT, 
Pigments consisting of a colorless fmse, on wlii(‘h a color¬ 
ing agent has Is^eu prccipated, such as the Lakes, ^\li- 
zacin ('riinson, for example, are teniie<l dfljrri^r. 

j.aLv c<mstilu(e a group, of whicli a great 

luimher arc used in llie tim^ arts, heiiig known and nRed 
exteiisiv<4y by the early Italian ])aluters, Pliny in the 
year 77 gives an account or tlieiii and explains* the 
derivation of the term lake. ” /J'lic lac, or coiTn^ig 
principle, of bisect origin, used hv tlie early Italian dyers 
for certain colors, was i-illier the ])Vcaluct now known 
under this name or an analogous liody. This fac was 
used in conjunction with compounds of fin and aluminum 
to precijjitate and fix the dye cobo’ on the fabric. 
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During th^ proccsH of dyeing, some of the lac eombmes 
with soine of the tin and alumina to form an insoluble 
compound, forming a colored scum on the top of the 
vat. This fiwstance, calln<l by t!ie Italiau*dyers, lacca, 
was collected, dried and offered to artists as a pigment 
Sooir otbe^ natural dye-stuflfH wore found to yield vari¬ 
ously colored laccse and nielhod?fVorc gi^adiially evolvi^d, 
^dioreby the lakes were obtained direct and n<d as a 
residue of the dye*vat ^ii facf, the manufaeture of lake 
colors is today an industry ranking as important as the 
(lye industry* 

A lake pigment is nrjt merely a mixture of dyestuff and 
an inert base* A augment thus formed would not have 
tile eohir-principle lirmly fixed and would bleed, that 
Js, it would, in admixtures, espeeially in litjuid solutions, 
give u]) the color again* • In order b^fix tfie color perma¬ 
nently onto the base, tlie treutmeut vari(‘S according to tlie 
character of the dye and base* The n;^ual prtjcedure is 
to prueipitale the base from solutions in the ]^rosenco of 
the dye, iji soluiion* The cohn' will then become so at* 
tacbed to the peVipitated base, that it will not bleed, hut 
forms an insohiblo ]jigmeut. 

Tbe'coloriiig in'inci]jlo of lakes* is either of natural 
arliticial ovgaine origin, and can be divided intrj U\% 
jirincipal groups; L 'fhat. oldained ‘from tlic natural 
coloring matters, s^jL-h as lac, cochineal, Pt^rsian berries, 
l^raxK wood, log wotul, t^tc., anti TT- that obtained from 
the coal tar colors, which in I'ocent years lia^t fle\’^loped 
*lo such an oxlenl to almost entirely supplant the use qf 
natural coloring matters, more brilliant and pcrmaneii!' 
fakes being obtainaMc, . 

*Tlio extendf^rs^ or ha^ps on which the color 

form a lake is in'ccij^Ltated, arc inert and nearly cofor- 
less and transparent as pos?^ihle; the principaPones being 
Aliihiina llydirate, Blanc Fixe, Park )Vhite, diina Clay, 
Tlierefore, alUu'ke cohu's used in the fine arts are usualW’ 
lis4ed as trans]>areiiV 



10 


artists' pigments 


Pigments can be generally classified aeeorhing to tbeir 
origin or source, as follows: 

• , 

{ Nafurai; as the OAres,- Sicnnds, 
genuine Ultramarine. • 
Artificial; as the C^iromes, Cobalts. 

lAlfimdl; as Carmine, Sepia, 
Veghtaiile; as Uamboge, Madder 
* LakSs. ^ 

^ Artificial; as Alizarin Lakes,*In- 
I digo, etc. 
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Chemically, tbey can be grouped ns follows: 
Elements; as Lamp Black. 
Compounds; ns Chronics, Vermilions 


NOMENCLATURE OF COLORS 

The nomenclature of colors does not follow any system¬ 
atic classification'. Manufacturers and dealers are in the 
habit of calling a color ])igment by names which arb quite 
ar bit fury. 'We find different names a p-died to a single 
pigmeit„or on the other hand, alwq ma“iiy colors are of¬ 
fered under one name.. The majority of colors, prrteur- 
qblp* from reliable sources, arc sold hv names more*or k‘ss 
internationally recognized. Many ciilors arc lumied after 
their inveutoys, others after tlieir original or principal 
places of origin, or the locality in which they are found in 
iiaturp; others after their ingredients; others after their 
resembhince to other colors; others afler certain qnali- 
, dies they possess; others after the purpose for which they 
are intended and still others after the materials used ip 
tbeir production, etc. Pcdlaps the ideal nomenclature 
would he to express the chemical composition when nam¬ 
ing a coloij; this*however, would he exceedingly impracti¬ 
cable owing to the lengthy cbcmical formulas and cqrrc- 
^IKindiiig lengthy unil perplexing scieutific qomeiiclatnrc, 
especially true of the colors of organic origin. 



TECHNIQUE EMPLOYED IN TESTING 

The artist or^tiiilent interested in determining qnali* 
tatively^tlifi purity of any CoUr i^nld kpep the necessary 
reagents for this purpose and .refer to the various tes^Ts 
Tor each pigment in question, iwider itsVespective listing 
ill tile following cira]>ter* A small ^w>otlen box should be 
kept in tlie studio^ in which several bottles of necessary 
iHiagcnts may be safely kept, ready for use at any time. 
A limifed number of the most necessary reagents arc, a 
-bottle each*of 

Water 

Alw)hol 

Sodium Sulphide in Water Molution 
All acid {preferablv livdrocbloric, Sulphuric or 
. Nitric) 

Amo Ilium hydroxide 

Keel and blii^ litmus i>aper 

^\bout six test and small glass funneh 

Filter Papers 

A mor& complete ^ssi>rtmeiit to make the usual tests, 
should comprise a bottle each of 

IJ’^ater 

Alcohol 

Sodium Sul}>hide iu Water Solution 
Hydrochloric Acid 
Sulphuric Acid 
Nitric Acid 

Ammonium Itydroxidc 

Sodium IlydroxVle iu Water Solutibn 

Lime Water 

Potassium Ferrocyanide in Water Solution 
Ferric dtlouid® iiuWater Solution 

£1 
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Barium Chloride in Water Solution 
Silver Nitrate in Water Solution 

p f 

Red and blue litmus paper 
About (] test tubes with small glass futmel 
Filter Papers 

I 

Tlie f eelmiqiie employed m testing a color is*as follows: 
l!?amc tests may be madcavitli Oil Colors, Water Colors, 
etc*, without the oil or gums iiitit^rl'eriiig to any great eSf- 
tent in the reactions. The pigment in tbc dry powder 
I'onii ros[HUKls to reactions more accurately and definite¬ 
ly. It is tliereforo necessary that tbe oils, gumSj etc,, he 
venioved before testing tlie yugmeiit, 

Tlic oil-color jngmeiits should )je waslicd free of the oil 
by squeezing a small amount, about a thimbleful, of tbe 
color ill a test tube, adtling turpentine hi excess and shak(? 
until the color ami ‘turpentine arc thoroughly mixed, al¬ 
low the ]>igincnt time to settle, tlieu filter ami if necessary 
rc] )eat several times, a tiding fresh turpentine^ until all 
the oil is removed, leaving only the ]ngmeiit upon the fih 
ter piVt'^er, '"Any turpentine reinaiiiing^’ith the pigment 
sliouUh'be reiTKrved hy using alcoli^i} in the same manner 
as the turi>enliiic was ,usc(h It sliould now )>c observed 
^tliether the tiiiq^eiitiiie, or es}>eciaUy the alcohol, filte'red 
off colorless; a colored solution wr^ild indicate the pres¬ 
ence of soluble dye-stuffs or otljeC sohihlc suhstaiicGs* 
Other volatile solvents such as Benztfi, IVjhiol, Xylol, Ben¬ 
zine, Xolvcut Naphtha, Fthor, Chloroform, Carbon Tet¬ 
rad jloricle-, Acetone, etc,, are sometimes also employed to 
^advantage, es]UHn;dly if lb(» eolfjrs eniitain tbc addititm 
of varnisli gums. Some extremely fine pigimuits filtor 
through with the first fiUrjirfV' ami the student should iiot 
mistake tliis for a colored sfjlutien, jiftlicating dye-stuffs 
or other soluble coloring matter, the solution usually 
filters dear after carefully refiltering* When dyes, etc, 
^re ]>resent tlu^ fihoi^ed srdution will remain colored oven 
after refiltering several times, A wato'* color pigment is 
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removed from the water soluble gums by using water hi 
plate of the turpentine, etc.,-as,with the oil colors. 'Jhe 
washed pigments sfioiild not bo heated too strongly when 
drying. 

We miist^ first determine the chemical composition of 
the pigment in order t<j firrtku' Jwst its purity and ]>ro]i* 
erties as a durable color. If jlie name (»f the pigme/tt 
ill question be known, r^ferenae should be made to the 
var;ons tests empToyed in its detection, listed under its 
respective mime in the following chapter. 

If on the other hainl the identity of the color is not 
known,•reference shonlil be made to tlie listing of several 
.colors of similar appea mince with their distinguishing 
reactions, 

• To illustrate tliis mtue dearly, let us, for example, as^ 
sume that we have fouf l>hie lagni^iits, which optically 
resemble each other very closely, aiul it is desired to know 
whidi of tin* fi)ur are desirable as dunflile pigments and 
of whAI ttnw are conqsjscd. ^ 

We are primr^ply concerned with the rbm[Vsiti^ and 
therefore shall test the* four pigments to detorraiifc their 
com|)osition; and after this is known, it is a simide mat¬ 
ter to refer to the chemical and ]>hysical properties 
cadi resifiectivo coloifc listed in the .following chapter, 

Eadi sam)de is first waslied in water and then alcohol. 
If anj of the four \1dd a colored filtrate, tins would in¬ 
dicate the adilition of a dye-stnff or other soluble ceporing 
matter. The water filtrate may also be tested fo*r soluble 
salts, as these are present slioiild tlie pigment lie hisnffi^ - 
cienlly washed wbeij made, or the salts may have been 
a^ded as adulterants, IVlcption: allow the filtrate to 
eviip(»ralc to dryfiews on a sliallow crystal when nufre 
tlian a mere trace oi^residnp would indicate tli^? presence 
of soluble impurities. 

Next we make*reference to the pigmi^nts commonly env 

pptvf'd jnifl iiiKtrtiw'o 4hni ('lUiiili TTHva_ 
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marine and Prussian Blue, only seldom the copper blues 
represent the typical blue pigments. Upon cotapa^ng 
the various reactions common to each pigment, we see 
that upon the addition of sodium sulphide in solution, any 
of the four containing copper will be turned black and its 
further properties 8ho\\ld be looked up, nndeivits proper 
Ihiting. The pigments which w ere not discolored by sodi¬ 
um sulphide are then giv^ further test for Cobalt, Ultra^ 
marine and'Prussian Blue. Cobalt Blue and Frusj^ian 
Blue are insoluble in dilute acids, and by adding a drop of 
dilute hydrochloric acid to each sample, that which is 
Ultramarine will be reacted upon by the acid aiid may 
be further afKrmed by referring to the churacteristic 
chemical properties of this pigment. The Cobalt and 
Prussian Blue are pfiysically so different that usually 
they are readily recugnizal, ho\Vcvcr knowing tliat Prus¬ 
sian Bhie is reacted upon by alkaliTie s(dutions, the f^obalt 
Blue will remain'lUiaflFected upon the additifioi of this re¬ 
agent and each may be further definitely recogiu>;cd by 
distiir^odshhig reactions listed under tlit'ir eheniical and 
physic*jl in'o]>ertios. 

The addition of anyjnsoluble or inert extender, such 
a's whiting, clay, liarytes, alumina, silica, etc,, may be de¬ 
tected by referring to the characteristic teatifor these 
substances. The tinting strength aud color value of the 
rpigment is greatly reduced when these arc present in 
appreciable amount. The color may be compared in tint¬ 
ing stroAgth and color with a ktiown pure standard color. 
A simjile method of doing this is to weigh off exactly the 
same amounts of each color and mix wit!] an cqfual amount 
of imre zinc white, using the 'same (piautity of oil for each. 
Compare the tint obtained from the sample [dgment with 
the tint of. the knowii standard. 
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Ill* the ^Jjow^iig listing of colors, the colors are ar¬ 
ranged in alpiiahetieal order, iAeapeetive of their vai^ii- 
^ms clieniical and physical properties, tte intention being 
to facilitate refuraiice. hjacJi color is listed* by its most 
commonly recognized trade or scientific name. In the 
index at the end of tlie volume, various synonyms of the 
rcspoctivc colors vili also be listed alphabeUeally, 

AIR BLUE 

Aznrite, Bergblaii, Bice, Blue Virditer, Cendre 
Blciio, Chessylite, Lime Blue,'Mountain Blue, 
Neijwied Blue, Blue Aslies^ Copper Bine, Cenerc 
Blue, Aziil Ceiiiza, Bremen'Blue. 

liasic (^oppvrt('arhoHaif—'2 CuCO^,Cii-(0Il):i 
lias very litllh covering <]uali1y, however of b^ujtifiil 
sky^olored blue, Altfiough permanent to lighl^ being a 
doT'ivritive of copper it is very sensitive. As an oil eolor 
it rapidly changes jo jlull green (reaction with fatty 
acids)* In Hie presence of sulplmrdiis gases, like all 
]iigiiients etjutaining c<ij^]>er, black coppel* sulphide is 
formiM, (See j>age 187 fc^r detection of copper,)* It is 
lime-proof and fimls use only as a fresco color, tsfinsafe 
in other lechnitpies. 

, Obtainetl from native mineral Azurite (Chessjdite) or 
artificially by tireciiutatioii 'iii'om t'opjHT Sulplmte sobi- 
tioii. This e(^lu^ is iiientitoied by Blijiy in his ^^Natar- 
alls historia, A.U.'TT, 

Bremen Blue, eoiisistiug essentially of copper hydrox¬ 
ide, hi sometimes also employed as a fresep 

color. Seing'uiisa^ it-ia fortunately coming into disuse. 

« 

Vi 
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ALIZARIN LAKES 

lAliz, Blue; Aliz, Carmine; Aliz. CrimBou; AliZp 
Green; AIiz. Orange; Aliz» Scarlet; Aliz, Yellow; 
liose Madder Aliz.; Aliz. Madder Lake; Aliz- 
Burnt Carmine; Indian Tjake Aliz.;LPerraanent 
Violet; PermaiienL^^dmstm; Aliz. Sap Green; 

Aliz. Olive Greeu; Aliz, Olivo Lake; Aliz, (^rap 
Ijakos; Sonrfot rrai),>Laken A^iolot CVap Lake; 
Liiquo d' alizarwio oarmiosie; d’ alizarituir 
eremiMiiia; Ijjioa de garanza oramnis; Alizarin 
Farben 

Jlizarin Ci 4 HEiO.(OU )2 is the active calc ring principlen 
Yields very permanent and l>rilliant lake cedars, whiclr 
may he ctnisitlered the refiresenlativc lake colors for tlie 
fine arts. Tlie coloring ]irineiplo is, with few exceptions,' 
precipitated on a neiitra! base of Alumina Hydrate, which , 
as a i>igmeiit yields, when ground in oils or gums, very 
brilliant, traiisiiarent etdors. ' 

Before the development t^f the Alizarin colors from 
anthracene, a C(nd-tar derivative, the ir^addcr root was 
tlie soilvfrc of this color extraction for many centiines. 
The madder root has two inii>ortant coloring prinyiples: 
JihttrtN i\ and VvipUiitt llie Alizarin 

yielding the more ^permanent laKcs'of brilliant'crimson, 
rose, purple,^ violet and maroon huc^, varying according 
Uy the cniicentrati(ni, yniriiy and bas(‘'np<ni whicb it i,s pre- 
cipitat^ed, .Purpiirin yields pigments more orange or red 
in hpe. The synthetic or artificial Alizarins are rapidly 
displacing the madder extracts, being of richer hue if 
proptTly manufactured and more permanent- Tliey are 
of identical chemical eompasitioii to tlie root madders.. 

Sodium Hydroxide entirely dissfjlVes Alizarin and 
Machler Lakes ton alumina bn so) to a blue-violet soluluni 
(Piirpurin yields a cherry-red solution), vbicb, upon the 
addition of dilute'Sulphuric Acid in excess,doses its col¬ 
or with formation of a'flocculent; c(»[orod'precipitate^ of 
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the dy^-stuff* (orange-yellow in color if Alizarin and 
hri^lit rtd if Purpuriti), ieaifin^ the siipcTiiataiit liquid 
practically colorless* Carmine or Carmine Lake are de¬ 
lected by theii' leaving the acidified eolution more or less 
intensively red ip color* 

Alizarin *nd Madder Lak^ arg insoluble in water or 
alcohol j a colored solution woulcl indicate the addition oi 
dyes. 

A^ lakes, includbig the Alizarin I^kc colors, are not 
practical for fresco or stereocliromy, proving fugitive 
and unsafe in these, but for most every other technique 
the Alizai'in Lakes arc u!>s(diitely safe and permanent. 

, Alizarin ilaflders and Madder Lakes are ]>erfeetly diir- 
able and safe in adini.xture witli the ealeined or burnt 
earth jugmeiits, such as Lt, Sienna, Lt, Lmbcr, Bt* Och- 
r,os, Burnt Inai Oxide Cokirs* Burnt Terre Verte, etc*, but 
not always with the natural earths, such as Baw Sienna, 
Haw Lmber or Baw Oclives, due to-the^iu'eseuee of iron 
hydroxide in these pigments. The ehemieal colors such 
as the While Ijtads, Ohvoine Vellow, Naples TelJowS," 
Olirome (Jrcens, etc., lu(,ve a teiideiicy to somewhat ^deach 
the Maihler Lakes^ Genuine Verniili<Mis, Gadmiiim Ye!- 
low^ and the Blaek jiigrrieTils, bowevcu', do ]u>t ntfeet 
them, Tlv Alizarin Jludder Lakes, as also the bladder 
Ijiakos, yield hi'illiant and ]jerinaneTd j-esults if ajqdied 
as a glaze over ctdoiis which are thoroiighlv^ dry* Per- 
maliia with Alizarin or Madder I^ake yields tints ofingh- 
est col(H' value and dei>en(Iahle iiermanence aiutfluraluL 
ity. 

^ ALUMINA 

t 

Aluminum Hydrate 

Ahtmiiotm AUOl!);; 

Aiwimori>hons, IranslnceiiJ substaTuu% insoluble in wa* 
ter* It reacts \\;itli acids, fnrjningMlu' curvesjxniding^ 
alnmimmf jvads wUh strong bases* On 
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strongly heating ALnniinnm Hydrate it is ooiiverhed into 
the oxide. 

Owing to its physical characteristics it is the^ideal base 
on which to precipitate many organic dye-stuffs to form 
transparent lake pigments. See description' of lake pig¬ 
ments, page 74. 

AMERICAN VERMILION 
* ♦ 

Imitation Vermilion, Vermilionethi, Persian Ke<l, 
Derby Red, Vk-toria Red, Vienna Red 

A color of varying comjiosjtioiL conekstinp; usually of 
a base of Red I^oad, tinted with Kosine dye, t(f yield a 
brilliant substitute for tlie f^enmue quieksilver-vennilioiist 
The greater number of Amerieaii A'ermilions are not 
A^ery permanent to light; however, there are some in 
which the fugitive* Eosiiie dye, lias been displaced 
ni(HT jiermanent toners, yielding pigments very ]»erma- 
neiit (todiglit)/ Owing tn the base of red lend, it is 
tyiatjne and it is to be classed Avilli all the lead eoTors; to 
lie nstsal onlV with limitation. Discolors Jii presence of sub 
]dinrfAa gases. Heat destroys tkeACoior, Can be recog¬ 
nized fTV>m laire mcrciyde vermilions by tiieir jiartnirsolu* 
/lihty in akalies, fir dilute acitls, fo- ujion Ireatmeid fritli 
alcohol, by i>arting with most, or ali, fjf their dye coloring 
matter, the ^niuine (juicksilver vovihilifnis n^sisting these 
reagents. Sodium Sulphide converfs the lead cons^Jituent 
to black lead snl]>hide, 

lied IfjVad and (In'owe Hed with barytes or lead sul- 
^phate are the most common carriers used with tfuiing cob 
ors, to ]>rodueo very ricli hues of j\/nencan A'ermilion,. 

• Chrome Bed, the most*Sasic load chnimate PbCrp^, 
IH)0—is sometimes sold as Ameriean'Vermilion, but ow¬ 
ing to ifS a high specific gravity it separates fpiickly when 
ground in oil and is finly used in fresco with a certain 
tamonnt of suece^is, (Uirumc Red has* alao the limited 
fastness of all lead colors. 
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In oij, American Vermilion, i» a good drj’er and in the 
liea^y paint trade is c»peciall^ recommended for jts 
rust protective <|iialitics, when aiijdicd on metals, 

ANILINE COLORS 

(Sec CoaUTar Qolors) 

ANTWERP BLUE , 

* * * 

Bleu mineral, Bleu d' Aiiversa, Azul de Amberes, 
Aiitwcrpeiier Blau, 

Prussian Blue, wakened in streiigtbj with Alumina, 
Antwerp Blue, a prnduet at iron and ziiie cyanogen 
«oinpjounds/‘yielding a etdor paler than PniHsian Blue, 
has more recently hceii re]>laced witli above mentioned 
Prussian Blue, reduced in ctdrjr strength with Alumina. 

Tlie properties of ihisVtdfn' are ahnost identical with 
"those of Prussian Blue (which see), 

ASBESTINE 

Used principally inJVo heavy paint trade ns D»:?iitral 
carrier, or extender in ready mi:^ed luiints, to prevent 
setting of pigments heavy in gravity, Pinds no pral-ti; 
eal use as^i pigment fordinc arts. 

Asbestine differs fivim Ashfsfos, a calcium magnesium 
silicale of varying ctunposilioia hy ijs sliorl fihrc, the as¬ 
bestos haying a long fibre. 

To the native Magnesium Silicates belong 
Talcitm, Soapstone or Steatite, Frrneh Chafk (a hydrated , 
Mtignesinm Silicate; 3MgO,-ISi<\,ILt4 and also another 
variety of this compound, Meerschaum, 

These comj>ounds are not very important in the fine 
arts, hciiig of very soft body, transiu\r6nt ai^d do not 
yield brilliant lake colors, wtieii used as bases. Talc finds 
use for polishing marble and gypsum atficlea and also ir 
the manufactuiv of fgee,powders,eje. 



20 


ARTISTS* PTQJijENTS 

ASPHALTUM 

• Bitumen, Mineral Prteli, Ajitwerp Brown, Mum¬ 
my, Bitiiinc, Asfulto, Asplialto, Asphalt 

A natural mixture of soliil hydroeurl)onK^ very often 
eontaiiiiug also sulphur anjl nitrogen compoijmla, gener¬ 
ally considered to he a*i>rodiict (^f the deecimposition of 
animal and vegetable matter, ^ • 

Under tlris group Ave have a variety of pitchy, tarry 
substaiiccfi ranging in color from hrowji to black, found 
principally native in the great pitcli lake of Trinidad. 
The host quality, used for artists* paints, is obtained 
from the Dead Hea. This Syrian Asphalt is of 'rich 
brown colc^r, excmlingly hard witij hrigbl and lustrous 
surface fracture, melts at D55'' i\ with a cliaraotcristic 
bituminous odor; iaf slightly sohible in Alcohol or Ktliei;, 
more so in Benzol and dissolves entirely in Turpentine or 
Tjinseed QiL 

Strong acids, such as Nitric Acid ov lyes, do ntf] jifTcct 
’this \vhich property makes it'iairtieiilarly use¬ 

ful iu4tl|e manufacture of etching grounds. 

Asplialt as a cohn- itigment is used only as an oil holor. 
By" virtue of its stduhilitv in tlic vehicle oil, yicldifig a 
very transparent paint, it resembles the Iransparent hike 
colors. ^ ' 

The Asj^lialtuins decompose in*ditwt sunlight. Tn 
presence of moisture, c(>mlnned action of the oxygen of 
the air'aiul the actinic rays of light, favor the combina¬ 
tion of the oxygen and hydrogen, setting the carbon free, 
tlnis producing a dull black coloi', Tliis is especially yio- 
Jiceahlc in admixtures of A?^l>haHuni and white pigments; - 
the resultant wai'm tints on expcKsui-e^t? light are changed 
to dull grays. * 

Wlieii used for under-paiutiiig, the Asplialtums 'i)lGed* 
^or diffuse throuj^t the overlying layer^i of paint, darken¬ 
ing them, tliis being ejne to solijbiljty.in'the dils, of the 

* * 
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asphaltoms. •Aephaltums are very poor dryers, even 
when mhd in conjunction wifh the best aiccatifs* They 
enter largely into the manufacture of varnishes, partly 
as coloring prindplo and jjartly as a resinous matter 

As an oil coIof, the Awphaltums are very treacherous 
when appIicB in thick layers. ^nMie surface they appear 
dry, but even after years, exposed iindcir strong summer 
ffeat, they soften and ‘‘slide” oipthc surface 0 / the paint¬ 
ing- • 

The Asphallums, especially wlien a])plied hi heavy 
layers, tend to crack on t)ie surface. 

OareftlJly select(»d Asplialfiinis when jJroperly treated 
to extract the niiml)er of ]i^jlli(h semi-liquid and solid 
colorless hydrocarl)ons, whicli have no color-giving value 
ns a pigment, are lud given to cracking or moving on the 
j^anvas like the unpurifietf material and if used M’itii pre¬ 
caution will yi(d(l fairly good results; ln>wever, not to he 
recommended where permanency is desiml. 

The modern coal-tar jiilch browns, ntfered as substi* 
tides for tlie AspUaltums are far na>ro treacherous ac¬ 
count of their easy fusibility and are move liablc^to stain 
contiguous pigments by reason of their solubility*in oils 
or \avnLslies. 

The safwt substitute for Asplialliini is found among 
I lie Alizarin Lake t 'ob'n s, m mixtures of Haw^Sienna, Bt, 
rmbci'and (’arl)ou of Ivorv IMack. 

Mummy is a bituminous product associated,witani¬ 
mal remains and ilcrivos its ralber gruesome na^ie from 
its source. Tfie bituminous malltu' used in the embalm¬ 
ing of the Lgyplian nuntimies is perhaps the active color- 
- ing;princii>te. Through the lapse of time the bituminous 

mutter of the miumnv, having been subjected to a coif- 
’'1 _ 

sideralde degree of heat, has.Jost some of its volatile hy¬ 
drocarbons and ranks as a ]rignient superior to tlie ruAV 
and inferior to the reliiu^d A^phaltums. This color iS' 
graduallyTiecoifling ei^tinct in the fine arts, as it does not 



22 AKTISTS ' F1G9IES TB 

possess any quality not embodied in tJie refined Aaphal- 
turns* It was usual to griAd up tlie^entire immlmy/thiis 
the resulting powder bad more solidity, was less fusible 
than the native Asphalt and less transparent than the re¬ 
fined Aephaltum, Mummy was used is ah oil paint as 
narly as the close of -tjic sixteenth century, 

AUREOLIN 

Colmlt Yellow, Jaime Tiicliaii 
Anreolin, Anreoliiia, Kobaltgolb 

A yellow eiystalline compound salt of the metal Cobalt* 

Double Niiriie of Cobalt mid Potassium 
6KNOn, 

If precipitated in chemically inire condition, as a fine 
powder, the pigment is of imvd’yellow color, traiiKparoi^^ 
very slightly soluble in water* On account of its complex 
chemical* com]H)siti(/Ji if not properly washed of soluble 
^alts, it is not absolutely dependable. It is very fast to 
air c^d lij^bt, and is unaffected l)y sulplfiirettcd hydrogen, 
HaHj^although blackened by sodium sulphide or caustic 
soda. '^Tike many other mineral pigments Aifreolin 
/when in admixtures with certain organic iugments,^5nch 
as the lakes from cochineal, indigo, etc*, causes dcctim- 
]>ositi<jn of these; the organic cohfrs becoming altered in 
hue as als(» the Aure<diti itself bcivmiing of a hrownisli 
liue^' A'l^rious other yellow pigmiuds of different chemi¬ 
cal composition appear on the market under the name of 
Aureollm 

The genuine Cobalt Yellow is only adaptable to ,Oil 
'and Water Color techni*ilies and if chemically pure is. 
considered permanent. 

Cobalt Y'clldw is converted into black cohalt oxide by 

t ^ 

gently heating in a bnnsen flame. Like all cobalj com¬ 
pounds a blue ^lass bead is formed, .when heated wdth 
borax on a platinum vdre* This ]>igmeiit was 'introduced 
About 1^61* 
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AURORA YELLOW 

(Sec Cadmiuto Yellow) 

A very brilliant variety of Cadmium Yellow of greater 
opacity than the regular Cadmium Yellow, 

AZURE BLUE 

Slyr Blue 

A mixed i>ignieiit coiiHisting priiic>f)ally of Ultrama¬ 
rine Blue and Zinc Oxide or Permalha to yield a warm 
light Sky Blue color, eontviiHtiiig with the cooler greenish 
(in undertone) Cerulean Bhie, 

. The physical and chemical properties are identical with 
those of Ultramarine and Zinc White (Cliineso White) or 
Permalba, 

^Azure Blue is fairly opafjue and pennanent to light and 
air and adaptable to all techniciiicR, 

BISTRE 

Brown Tjuke, Sijot Jirown, Bister 

The,tarry soot from resinons ]jiiie wood or hccch wood, 
which is ground to a fine powder from a lumjw condition- 
and washed with liot water until the latter does not ex-" 
tract any more soluble matter from it. 

liistre is oidy met with in Water Color. 

Like^llI l)iluininons organic lirown pigments, under ex- 
l>osiire to light, oxidation oi the organic suhstaiiki^?!^4rtikes 
place, leaving a residue of carbon, thus changing the color 
to a cooler hue and paler. Tlie greater the amount of 
tarVy matter present in the the more fugitive 

the color* 

Bistre will hum almost entirely, leaving oidy a trace 
of ash* AVhen heated iu a tffJt tube, a tarry distillate is 
obtained, minute dn^}>s of tar appearing on the wall of 
the test tube* 
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BLACK LEAD 

(See (Jraphite), 

An allotropic crystalline form of Carbon* 

BLU?: BLACK 

Charcoal Black, Vine Black, Frankfort Black, 
Noir do Vi^^nc, KebonscJiwnrz, Drop Black, 

Noire hleiiatna, Nero blcustro,'Negro aznlady, 
Frankfurter Schwarz. 

The active coluving priiiciplo is Carbon, in the form of 
charcoal. 

By dry or tiestrnctivo distillation olf grape husks, 
vine Dvigs, vino ^votxi ainl other similar materials, varU 
ous cinalities of XMne Black ^uro ohtuine{L Tlic finest 
(juaHty is tlie Frankfonl Black, obtained from spent wine 
yeast, which, after carbonizing, is thoronghly washed, to 
free it from small fjuanlilics of ]>otash anil calcium caV’ 
'hon^tc <Urivj^d from the **Tartar” ij" the wine yeast 
Wht^i mixed with white pigments ijure grey lints arc oh- 
taiiml with a hluish tinge. ' ' ^ 

'Bine Blacks liave very little (>paci1y as pig[Tii4iits^ are, 
liowever, ahs(diitcly permanent, a<la}>iable \o all lech- 
jikincs. Like all carbon pigments they resist acids or 
bases, me liisolulde in ordinary so]vents and only oxidize 
at Irigh temperatures, 

^ isigljiiieaiit peculiar jjroperty (d' all cllarcoafs in 
that they w’itbdraw the majority of organic coloring mat¬ 
ters from siispcnsicm and even from sedations in w^ater, 
is evidenced, for instancr> when a small <[naiiity of Blue 
.Black is added to a pale tint of llo^o Madder in water,' 
The tint hec{>mes rapidly decoloriv.cd altlio not really tie- 
stroyed, the pigmojit l>ein^" completely absorbed by the 
Black, Animah charcoal, such as Ivory Black ol Hone 
Black are more energetic agents in rerjoviiig gases and 



PIGMENTS 


25 


coloring matijer from roIuUoiir, This property is some¬ 
times made use of in the purification of polluted wajer. 
Charcoal Blacks hre moutioned by Pliny in bis “His- 
toria naturalis/^ AJ). 77, and were perhaps the first 
l)lack ])ignicjitM used by man in ilie most nsitiofe ages* 

BONE BROWN 

A 

Negro dc Nncso^J^einbraun 

gently calcining hones or ivory chips, until they 
acquire a brown color, and thoroughly washing them, a 
warm lu'owri i>igmeni is obtained. Due to the presence 
of some'nndeeompoked atiinial matter, Bone Brown, like 
most all organic lirc^wns, under exposure to light, fades. 
An imdesirahlc pigment where ]iennanency is required. 
Bone Brown, as ns<'d iij^ the fine arts, is frcqiK'ntly a 
^Siixfnro of Ivory Black and Burnt timber. This mix^ 
turc is tliorcjHghly reliable as a pigment in all teclniiqiies, 

BRILLIANT YELLOW 

Janiio BrilJiiwit, Amarillo Brillante 

color rescinlding Naples Yellow in line, prci^ircd.by 
a variety of mixtures, principally consisting of radmiuni* 
Y^elbjw, VcTnhlion, ami Wliite Load. 

Brilliant Yellow is very opatpic and owin^ to the pres¬ 
ence (*f While Load, like all ]ngineiits containing i^ad it 
will discolor in presence of sulphur gases. the 

A'ermilion or Ladmiiim used in the admixture contain 
free sulphur, discoloration will also occur. It can very 
cAsily he dispensed with as iiiisafe for the artists’ pal¬ 
ette. When Permalba is used in place of White Load thb 
color is unaffected sulphurous gases and is then a very 
desirable color for i)ermanf?icy and duvabilit>V 
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BROWN MADDER 

Ga ranee brun rouge, Garance bnnm 
Garanza roja ])ar(]a. 

A brown lake prepared from the madder root. When 
liie ooloiiiig jmiieijde of Ihe madder root is preeip- 
itiited willi TiHJre or let.ts ahimina as a base, ni associ¬ 
ation witli the oxides of iron, magancse or copper, vari¬ 
ous hues are obtained, among 'vvhicb the principal arc 
Madder Brown and Madder Purple. 

The Alizarin Madders {ivhicli see) are used principally 
today in place of the Madder extracts and yield more 
permanent pigments. 

Brown Madder is not as transparent as the Alizarin 
Lakes, bnt has jn-actically the same physical and chemi¬ 
cal properties as the Alizarin Lakes, 

BROWN OCHRE 

The coloring priiicijdG is hydratcnl iron oxide, a*nativc 
si))eci(3s of^whHi is Limoaife — 2FeA>3.'in^>0. 

It hfis all the chemical and physical )>ropertios of the 
Ochres *(\vhich see). 

BROWN PINK 

Stil de grain brun, Stil de gri^in bruno, Stil de 
^ grain bi‘un 

A v,7ry fugitive lake pigment in-epared from queicitron 
barl^i'f jtiiree Ki){.K.'ies of North American oak. Browm 
Pink is a deep variety of (|uercitron lake, wliiclj was for- 
' merly made from tlie berries of one of the sj^ecios of 
buckthorn {Rliamiius) amt principally preei}>Itated ona 
base of Alumina Hydrate to yield a transparent lake. 
TPbis color w^as kno^vn in tlic time of Piiny, A.D. 77. {See 
Yellow Lakes.) 

Browm Pink is imitated by using some of the very per¬ 
manent and aIkali-]>njof yellow lakes, wiiieh are products 
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of thes. modem ehemical color industry and should be 
iiseS by the artist in preference to the fugitive genuine 
Brown Pinlc. 

BURNT CARMINE 

By gently roaSItiiig genuine Cochineal Carmine, a labc 
of deep riclT ]uirple Ijiic is ol>tfriii^d, which shares the ob- 
liectioiiable fugitive riuality tlje genuine Carmine 
which see), 

BT ROMAN OCHRE 

A calcined native earth, identical to the Ochres in 
chemical and physical properties, 

BURNT SIENNA 

(See tlchres) 

Terre Sienna hnile^, Terra di Siena hnicirda, 
Tierra Siena tostada, Oehraiinle Sienna 

Calcined or rrnslvil natural Raw Sienna. Tlieinm liy 
drate, whieli is'the y(‘lh»\v (^fjlfir-.iriviiig prni(‘^d<' Ih' 
Raw Siennas, is ennvel'teiL hy calcinalimi into tke rer 
iron-oxide, thereby considerahly changing th^ 

transluceney ajid deeyjeiiing the hue of the pigment, * 

Tlie Sieipias like Cmbu's douhlless orginally took thei 
names from the lucal!ties in wliich they were first found 
Analogous Jiative earVfi pigments arc obtaintnl in diileren 
countHoSj hilt for the hue arts the best are still the ftaliai 
Siennas/ They appeared on tlu- ])alettes of*lhr*i5arl; 
school of painters and belong to the safest colors for a] 
teclinitiuos, Iteing exceedingly jiermanent and raoderatel; 
transparent and useful in iitjmixturcs with other pig 
ments. An inexpensive pigment, it is not liable to adiy 
tm^ation. llydrocbluric acid dissolve's the iron of tli 
oehrcfi and siennas, forming" a yellowish sohition of iroi 
elilofide. Th<^ eartliy and'clay constituents remain a 
residue. 
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BURNT TERRE VERTE ’ 

Vt!rtma Brown, Terre Verfe In-iillee, Tlcrra Ver- 
tlo ToBtailOj Gcbraniite Qrnenc EnJo 

A calcined variety of the natural^ Torre Verte or 
green cartli {wliich fioe),, 

^ Burnt Torre Verte'is llioronghly dej)ondablc in all 
teclLiiitincfit bonjg i>crnmiientj semi-traiifiparent and of 
oc'hre-l)nnvn Inie* , 

BURNT UMBER 

Terre d' ombre brulee, Terra d' ombra bniciata, 
Tierra de sombra lostada, (Jebraiinte llijibra 

A calcined variety cd tlie natural liaw T'^inber* 

Raw Umber (which see) is a variety of Ochre and ob¬ 
tains its color from tbc largo amount of iron hydroxide 
and oxides of manganese, present in its compositioi^. 
Throngh roasting there is a consequent loss of water, re¬ 
uniting in a conversion of the iron ]ivdroxide4o iron 
oxide, thus yielding a warm reddishdirnwn hue. Being 
an ihjjxpcnsive pigment, it is not liable to adulteration. 

This'permanent, semidransrlaient pigment is in use 
since classical times, proving safe and adaptable to all 
techniques. 

True Umbers are iiimflfeeted by iyes, Ihic-to the pres¬ 
ence of maganesc oxides, hyrochloric acid evolves chlor¬ 
ine gfis when Avanned with tliis [jigment. 'rids I'fjaclion 
dis^n^ii^lies it from Vandyke Brown. 

CADMIUM YELLOW 

Cadmium Yellow Ixjmoii or C'itron, Ligljl, Medi¬ 
um and Deep, Cadmium Orange, Aurora Vellow, 
Orient Vellow, Datt'orlil, Sulidiide of Cadmium, 
Jaiiiih de Cadmium, (ildlo di cadmin, Amarilltj 
do oadmio, tCadmiumgebi 

All hues are of the one conq^ound of (Cadmium ami 
Sulphur, namely CufJmhuu Salphnle —CdS, 
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The jngmoiiis Cailmiuin Yellow mediiimj deep and or- 
angfe consist only of the Suljjhidc of Cadmium and j^rc 
the most permanent'of the (Wlmium Yellows. The lem¬ 
on or citron and light tints of Cadmium Yellow are usu¬ 
ally not the pure^ sulphide, but the same in romhination 
'with flOwQr}*of sulphur, zinc 05 white piginerds, and are 
then invariably not quite as permtihent as the medium or 
(Jeeper hues. 

The metal C’admmm was (UsCovereil hy St/omeyer in 
1817 !ind about 1H4G the sulphide of Cadmium became re¬ 
cognized as a desirable and useful pigment. 

By injecting a stream of hydrogen sulphide gas into 
iui acidified^sohitioii of a Cadmium salt (usually Cad¬ 
mium Chlcji'idc or Sulpliate jti stdiition) a ]jrecipitnte of 
yellow t'aflmium Snipbirle is oiitaiiied^ whicli must be 
thoroughly washed of any sriluble iniinirities* It is es¬ 
sential that there he no free sulpliur ]ux'se]it in the ]ug- 
ment, which hi especially likely to (*pciir if the pigment 
lias not been oh,iiined l)y prei'ipitali<ui, but by heating 
Cadmium Oxide in a etivered crucible with*]iurft Snjphni^ 
in excess. It is necesijaty tfint all the chemicals iited in 
niaki]»g the pigment he alisolutcly chemically pure, as 
triU-t'S of iron, lead, Insmutli, copper ov any otlier metfil^ 
giving a coJ^uTd su!]>hide, w<nild materially alter the hue' 
and lirilliancy of the‘desired color. 

The wet ]>rocess is4n favor industrially in the manu- 
factnrS of Cadmium Yellows. The Snlpliide of Cadmi¬ 
um will vary in hue from liglii yellow to a hei'y a^imge 
acc(>nling t(^ the concentration or strength of the solu¬ 
tion of the (’admium salt, the temperature and the length 
of time (he solution is digesk^l wifli the hydrogen sul¬ 
phide gas, and wlietlier the solution bo neutral or slight¬ 
ly nciditied. 

The medium and <leeptV hues of Cadmium YoIIom’ 
arc normal colors, he., tiiey are penn^nent and are in¬ 
valuable as arthsls^^ oil and water color pigments. The 
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paler Cadmiums are more likely to fade slightly. The 
Cadmium Yellows have a fair covering quality l)ut*are 
not safe fo use in fresco ar stereochromy (mineral paint¬ 
ing) as they aj'o acled upon by bases. 

A Cadmium Yellow, wliieli is cbemie/illy ]iiire is per¬ 
fectly safe iji admixture with White Tjcad oil 'color, ' 
praerald (Ireen f>il an^l water coloi\ when mixed with 
Cadmium Yellmvs, will he rapidly destroyed. 

Owing tathe oosj: of chemically pure Cadmium Yellow 
pigments there is great temptation to adulterate' with 
Chrome Yellow, Strontium, Zinc or Barium Chromates, 
etc. Chrome Yellows being the least expensive are most 
commonly employed* Tliey can easily he defected by the 
production of black lead sulpbide if the pigment under 
observation is treated with hydrogen sulphide gas, or a 
solution of sodium su][diide, Piseoloration will not take 
})lace if the pigment bo pure Cadmium Sulphide, Pur*^ 
Cadmimr Sulphide entirely dissolved* wlieii warmen 
with concentrated hydrocldriric aeid, foyniing a colorless 
Solution Oi^ cadmium chloride and liydrogen sulphide gas; 

' . CdS + :MU3^(\M^+H.S, 

df adulterated with Chrome Yellow* the solution ■ will 
he of green color (formation o.*' chromic cldoride by it- 
ductioTi of the chromic acid by hydf(»gen sulpbide). 

Sodium bydroxido or ]>(»tiissium hydroxide precL]>itates 
white* cadmium hydroxide I'rtmi solutioTis of cadmiiun 
chlchw^e,'which is insoluble in an excess of the reagent, 

Mixtcircs of Cadmium Yehow and L(‘ad While are (of¬ 
fered under the name Jatntr UrUJIauf, wliieh color should 
be used witli caution (ui account of the i>resence of lead. 
tVdmium Yellows when mixed with IVriii!ill>a fu* Zinc 
White yield tiifts closely resembling the true Naples Yel¬ 
lows and being more permfiiieut are advisable to use in 
place of the latter, 

Aurora Yellow consists princijiully of cadmium sub 
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phide,^beiii^ » very brilliant, more oi>aqne variety of this 
pigtaent, • 

Neutral Orange is a mixture of (.’admium Yellow wuii 
Venetian Ked, 

Cadmium Red^a modern ]»igraeiit, is a mixture of Cad- 
miunf Si]l|)liide aiul CadmiimitKeleiiide. It is (lerfcctfy 
))ermanent to light and in other*respects as safe as th^ 
iladminms. Prequciitly used in ])lace «rf genuine mer¬ 
cury vermilions oti‘account of ^)erm}jnency, jt neverthe¬ 
less Is not quite as brilliant as these. 

Cadmium Ued dissolves to a colorless solution in con¬ 
centrated bydr odd oric acid with cvolnlion of hydrogen 
sulphide at/d hydrogen selenide. Adultorjition with 
barytes would be indicated by an insoluble residue of the 
same. 

CALEDONIAN BROWN 

Bnin (le l^niiio di Cfilofloiiia, Pardo 

do (’alt'douin, Kalodoiiiifh Braun 

A natural eartli pifruK'nl, a spocu's Tijiher rcpoiviu:^ 
itfi color from the hrown liydratcs and oxides of mjjjfigan- 
esc aiul iron* 'J'lie gifinliiie Kuglish falcdoiiiaiMBrown, 
likejlie Vinhers, is a tjormal ]>igme3ft. The eriJor a] spears 
mostly as aii iiiiilHtioii pnalneed hy adrnixtuj'es of Sieiw 
lias aud Uftihers^ a Iws pormaueid iinitaticui is made of 
^"aiitlyke i^ro^c^l ajit] lU. Sienna. See Rav Umber for 
elieiniwal properties* 

CAPPAH BROWN 

Pardo do ra]>paln l\a}>iaahbraim 

'Tills color comes under the classification of the natural 
Umbers, receiving its j'ieli reddinnvn color fromtlie pres¬ 
ence of iron hydrates and oxides and consitierablo amount 
(^f maugaiiese oxides (see Umbers)* 

f^abpali Jirowb was originally miuet^in Skibliereoii, in 
Uie couiitj' of <j?ork about 1814, hut is today obtained* 
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from various Kourees, its composition varying copsider- 
according to the locality from which it is‘obtaiAed, 
Many samples contain Bitumen ami are, therefore, not 
safe* Admixtures of Bt* Umber and Bt. Sienna to ob¬ 
tain this hue are more safe, than those made of Bt. Si¬ 
enna and ^^ain Browiu 

, The color can very easily bo dispensed with by the 
eaiitioiis artist,'unless assured of the pemanence of the 
brand to be used. For chemical properties see Raw 
Umber. * 

CAPUSINE MADDER 

A permanent lake color <jf beautiful rich reddish-brown 
line of good permanence to light, 

CARBON BLACK 

' Oas Black, (Jas Socd, A'clvet Black 
Noir de cliarbou, Nerc^ (^ari»ou, Negro do carbon, 
Koblensclnvarz 

(VrjsisU chemically of the element CarhoiK 

Uafoon Black is in ail physical res}jects similar to 
Lamp Blnck but is more intensely black in c<dor; Al- 
'thbiigh not crystalline in structure, it has the ap])'ear- 
ance of such, being granular in form. 

In the manufacture of it, (hirbon'Black differs from tlic 
true Lamp Blacks, which are obtained frr»m the combus¬ 
tion oils, by being made fr(jm the combustion of gas. 
In Afubrica, j>rincijially in many of the (hi regions, the 
natural gas, whieli flows out of tlic groin id is utilized for 
this purpose. The fl^anies are cooled by iron plates on 
which the soot or carbon ?fiack becomes deposited and is 
collected. 

Carbon Biact is the purest form of the Carbon Blacks, 
viz,, Ivory Black, Lamp Blacks and (■barcoal Blacks, and 
Jike these, resists acids and bases, is ai>stdut<dy j>erma- 
neiit and adaidable to all teclniiijiies, .Only at exceeding- 
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ly })igh,tempemturc tlitj carbon miiteg with oxygon in the 
air, VieldWg the gas,_ carbon dio^cide, leaving no ash roei- 
dne. Being an extremely poor dyer in oil, it also re¬ 
tards* drying of admixtures with other colors and on ac¬ 
count of its great tinctorial strength or inletiBc coloring 
properties, its stains every othar color with which it may 
be mixed. 

CARMINE 

t 

Qarmhie Lakes, Carmine II, Cfimsoii Lukes, 
Purple Lake, Scarlet Lake 
Carmin, Carminio, Carmin, Karmin 

This beautiful rich crimson red color is a!)tained from 
the dried dead wingless female cochineal insect (Coccus 
Cacti) which feeds upon sevorat species of cactus, being 
principally indigenous to^Oentral America, Mexico, and 
cultivated in Algiers, the AVest India IsJands, 'the t'ana- 
t ies, and Southern Spain. It a)ipeai> in two fnr^^is on the 
market, as smalhsliining ijlack shriveled granules (Hack 
Cochineal) and small grayish dust-colored gi^ains 
(gray Cochineal)* The,Cochineal insect is yfill ^'ultL 
vated*on large plantations. The dye has itceii ai/impor- 
tant'commercial product since the conquest of Mexico, 
15^3, but has been almost ctdirely displaced as a dye by 
tlie modern coal-tar Lake pigments were prepared 

from it, since tlie early sixleentb ccudur\\ i 

The'best kinds of Cochineal consist <if about ono-lialf 
their weight in red coloring matter, to which thtvnfime 
carmiutr arifi Ijas been given. This line crimstni extract 
can be oldaiiicd fiajin ll^e insect by htnltiig it in water, 

* when, on the addition of smalNpiauities of acids or saline 
substances such as alum, a very hue red i)owder is deposi¬ 
ted. Tliis jmre carmine is sohl in poAvder form or 
l)rcRSC<I into small blocks. 

Vatioiis hues are ohtaineil by varying bases, thus 
by the prcseiice^df iroJi, manganese or copper generally 
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dull hues are obtained; a small quaiiity of lime present, 
wpl yield a purplish liiict (Purple Lake). "The finest 
quality is known as ^^nacarat carmhie/^ 

Pure Carmine ami Carmine Lakes are practically in¬ 
soluble in water, but are readily dissolyed by ammonium 
hydroxide. Pure Carmbic leaves less thawi 10 percent' 
,asli when calcined, lliis reaction serves to distinguish 
pure Carmine* from Carmine Ijakes and oilier lake pig¬ 
ments, [he^reator,the amount of ash or residue the larger 
the amounts of base (Alumina, Clay, etc.) upon wliMi the 
cohjr was j>reci]atated. Pure Carmine is entirely soluble 
in dilute s<jdium hydroxide. Ppon tlie addition^of an ex¬ 
cess of dilute hydrochloric aciri to this solution the color 
remaiiis in scdntifui, as carminic acid—dee]> rod in color. 
This distinguishes Carmine from Aliz, Madders, which 
would precipitate from tlie acid s(diition. 

Carmine is soluble in strong amnntnia liquor ami the 
caustic alkalies, hu/ insoluble iu all nsiurl (Ji'gaiiic s(d- 
vents* * 

T^je cvnmftnvial met bods of maunfacture are kG])t 
moroor loss secret by the various cohn- makers, a very in¬ 
ferior pigment being usually obtained from published 
^ lecipes. The usual i>rocedure is, lirjwever, U> extrar*t the 
' color from the (Vadiineal, llieilirst ju'ccipitate yielding 
(■armino ami from the liltrato li<jimr the various carmine 
lakes are obtained hy pivcitjitating tlie dye, wliieli re- 
mainr in the litpior, on the base of alumina liydrait*. The 
Co^Riieitl lake ]ngnieiits nI■(^ llierefore, weakt*r and less 
brilliant in hue, but like Carmine have the objectional 
fugitive tpiality. 

Carminet Carmine II aii^d Carmine Lakes are exceeding-, 
ly fugitive, lileacliiiig not only by action of sunlight in 
very short liirfc, but also are destroyed by many of the 
metallic ]>igmeiits in mixtiive. They decompose in ad¬ 
mixtures with flif raw eartlis lH'c(mnMg brownish iif color 
during jwocess fjf fading. Tliey dry fairly wvll in oil and 
like most all lake pigmeut-s are translucent. 
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Carn^ne may be regarded as the highest, pureat and 
moef concentrated lake of the.Horioa of lakes deriwd 
from this sdiiiw* The Alizurjii (VjhI Tar Tjakes have in 
recent years almost oniin^Iy displaced the natui'ai (.hir- 
miiie and its lake#i, the former yielding dependable, per- 
manenl andmore liriliiaut lak#^^. 

Burnt Carmine. By partly roasting or ealchiing Car¬ 
mine a beautiful deep rich hne is obtaineef, widcli shares 
the same lack of permanency as the Ci>rmine kom which 
it is Jerived. 

Pure Carmine is noii-poisonous and is used in the 
manufacture of face powder, and as a coloring for can¬ 
dies and other food stuffs, etc, 

CASSEL EARTH 

This color is synonymous with Vandyke Brown, which 
sec. 

CERULEAN BLUE 

t 

Cucrtilc'iini, 7il(‘U (’(‘Icsti', CiiniUuni, (.'iiliiihlaii 
Blue ecnileiini, Azul celeate 

I * 

Consists principally (>f (*ohaItonsJXri<}e, CoO and Tin 

SiiOg. 

This Iigh{ greenish-blii'o jugmeiit is very ])emiancnt, 
almost opn(pu\ is adafdahle to all tecljnifjues, safe in nd- 
iiiixtiire witii other ]hgments, and has endy Hmilcd tint- 
i]ig po<\xr. 

CeruloaA Blue is usually obtained by procipitatoig a 
solution of (^dndt t^hJoriik^—CoClwith putassiiim 
staniuilc, tijoroughly washing the precipitate and tbeu 
.mixing it with pure silica and i^L^ating. Another method 
ifi to moisten tin oxide—SnO..—with col)alt nitrate solu- 
tion, strongly heating, thtui powder and wash the grcenisli 
blue masa wliicli is developer?; thereby obtaining a variety 
of Cefulean Blue*known as CoeruJeuw. , 

When viewed,fiv artificial light Cerulean Blue does 
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not acquire a violet cast, eo noticeable Tvith othey cobalt 
Mmes. By admixture of.uttramarine, viridian, aud^zinc 
white and imitation of this color is obtained, lacking, how¬ 
ever, the distinctive characteristic cerulean hue. A.more 
jjeimaneiit imitation can be made with i'^obalt Blue, Viri-^ 
diaii, Zinc White or PfrUialba. 

' Cerulean Blue is practically unafTectcd by weak acids 
and alkalies* « < 

The simblost niriVhod for determination is the deep blue 
glass bead formed when cobalt compounds are fused with 
Borax on a platinum wire, 

CHARCOAL GREY 

Gris de charboii, Origin carbon, Gris de carbon 

« 

Made liy grinding the ehar#?oal obtained by clmrriug 
soft woods* CtfnaiHting priiidpally of Carbon, like the 
Lamp Bkcks, Ivory*Blacks, and Blue Blacks, which it re- 
^fiembles chemically and in physical pj^opertles. It is, 
wheq washed free of any soluble matters, a permanent 
pigmbnt for use in all teebnique^ with Imt little tinting 
strength and little opacity. Is usually reduced in tone 
' with Zinc White, Sec Lamp Black, 

CHINESE BLOe 

'Synonymous with Prussian Blue 

A ienbcvanide of iron, Fvrric Fcrtofyfnfidv--¥i^^[yv. 
(CN),],* 

Refer to Prussian Blue for chemical and jHiysical 
properties, * 

CHINESE ORANGE 

This Ix^antiful rich brownish-orange color is a lake pig- 
meat made from a derivati\^ of coal-tar alizarin, precipi- 
.tated on a base o£ Alumina, This color shares the physi¬ 
cal and ehemical projjertics of the Al^ariii Lakes (which 

see), 

« 
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CHINESE VERMILION 

Sulphide of Mercery—HgS 

This fjnicksilvcr vermilion derives its name from tlie 
especially brilliant pigment obtained from China* It is 
chemically physically identical to English anj 
French Vermilion and other hueff bf genuine Vermilion,^ 

such as the Scarletj Orange, etc. (See Vermilions), 

1 

CHINESE WHITE' 

Hlaiic de Zinc, llianco di Ziiico, Blanco de Zinc, 
ZineweisB 

Oxide of Zif}c--7jxi() 

This very brilliant ndiite pigment is an especially se¬ 
lected pure Zinc White, used in Water Color to produce a 
permanent and oparine coV>r. This color was not origi- 
nady made in China as the name might imply, but was 
first introdiiciHl in France about tlieimiddle of the nine¬ 
teenth century and probably given its name to hide its 
origin. 

It adapts itself as au^ ideal AVater Color, Temper^' and 
fresco-white, liaving the permanent qualities andjjhysi- 
cal properties of Zinc AVhitc, 

CHROME GREENS 

Cliromc Green light, modinm and deep, Zuniobcr 
Greens, Cinnabar Greens, Zinc Green, Grce.^ 
Vermilions, Cinabro Verde, Ciuabre vert, CIk 
abiio vordo 

(\nisists <d mixtures of rrusMum Tduo and (’In’oine Vel- 

•r 

low\pigraents in varying amtuifUs to yield hues from the 
palest yeliow-grecii ^o the deepest hlne-green. 

These Clironio Greens slionid not be eoufuseil^willL tiic 
Chromium Greens, namely tile transparent liydrated ox* 
iile of (dirominm (Fmerandc Green) oriopaque (hvide of 
Chromium^, which aj-e permanent and very desirable col¬ 
ors. ^ 
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Admixtures of Emeraude Green with Catlmiums, Zinc 
¥iellowe or Htroiitian Veilolv yield permanent and reliable 
Chrome Greens, On the contrary Prussian Blue with 
Gambo^^e or Yellow Lakes, being of organic origin are 
l)roiie to oxidize and are not as permanent to light. Ul¬ 
tramarine Blues wit^] lellow pigments ytold dull and 
freipiently unreliable mixtures* 

The (^l)rome Greens pf commerce are mostly mixtuivs 
of Prusshni Blu(*fi and Cbi'ome Yellow or Zinc Yellow. 
Wbeii Prussian Blue and Zinc Yellow are used Ihe re¬ 
sultant hues of green are frequently called Zinc Greens. 
The Zinc (Jreeiis jiossess the advarjlage over the Clirome 
Greens in tliat they ai e not sensitive 1o sulphur and Erro 
m(jre permanent \o light, 

,rhn>me Greens are usually mixtures of bine and yel¬ 
low on a barytes, chiy or mixed base. Ijt the manufac¬ 
ture of C^liroine Greens great care must be taken, that 
the ingl'edients E\rt? cliemlcidly jmre and carefulj^election 
must be made the hues and clienfcal )u'(q>erties of 
tljcvbhies ami yellows to be used. The greens obtained 
by mixing the c(dors in a frcnulilii)!! are more inti¬ 
mately mixed than those made by grinding the ceflors to¬ 
gether in a di'v state* 

The Chrome Greens are o|hii|i|e pigments, fairly per¬ 
manent to light* A^cids cause tl'e color lo become more 
blue ill lnV\ owing to their dissolving out the ehrome 
yellow.^ Alkalies turn if orange, owing jo their combined 
action botli <n\ the IHiio (cbaugiiig this to a reddish- 
brown) and on (lie yellow (turning this orange). Sul¬ 
phurous gases or sul}diuv 4larkeii the clirome greeiis/*on- 
sidcrably, if lead is preft^llt, ns ("hrome Yellow* 

Lyes dissolve out the Chrome Vclh>ws, leaving a resi¬ 
due of unchanged Emi'i'aude Green (Oxide of tliromium) 
if this pigment was nfic<l,"'and change Prussian Blue to 
bnmui color (fornuitum of iron liydroxidc) if this blue 
was used in the mixture Avith ch^rtujie*yelh)W* In order 
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to test for Frussian Blue, ad<l to the lye solution an ex¬ 
cess 6f hydrochloric acid and drop of iron chloride, 
which should produce a deep hliie color, if Pnissicin Blue 
was usjed ns a eoiiKtituciit. (jf the C^hn^me fTreen. 

Chrome Yellowf^ean alxo he detected by treating the 
(tliromc Gre«i witli sodiuni siJidiide resulting in tlie 
formation of black lead sulphide. 

.Gamboge and certain yellow or green hike pigments 
will yield yellow {or green) solutjoiisfin alcol*o], when 
us(h 1 aB ingredients of (■hroine Greeris. 

As pigments the Chrf^me Greens when crmsistiiig of 

mixtures of Prussian Blue and Cliromo Yellow are onl^ 

* 

desirable as oil eolors aiid then not to be considered thor¬ 
oughly de|>ondable for permanency. They are seldom 
used as water colors and not at all adaidable to fresco or 
<dlier tcelin[<jnes. Their ns^ as pigments dat<'S' from the 
early nineleentb century. 

CHROME YELLOWS 

Chrome Lemon, Chrome Yellow ligiit, meamm,H, 
and deep, Chrome Omnge, Chrome Red, Paris 
Yell(iw, Kings Yellow, Jamie de (Jiromc, Giallo 
di cromo, Amarillo de oromo, (^hromgolb 

The pure rich chrome yellow line is }irutraJ leaf! (hrom- 
tt^c—PbCrO^; the jialer tints and lemon or citroii chromes 
arc mixtures of lard cAroandc and tcuJ Ktdphair, the or¬ 
ange hues are ha^yic had t7^roa^^l/c -~PbCr(.) 4 PbO. ^ 

The Chrome Yellows (neutral lead chromate) are all 
obtained as precipitates by the addition of a solution of 
a soluble lead salt to a solution <}X a soluble chromate or 
bichromate. Ordinarily a solution of lead acetate is 
brought together with a solution of potassium chromate 
or bichromate, yielding a prc<^ipitate of (rhrome Yellow. 
This must bo thoroughly washed free of, the potassium 
acetate, which is formed and stays in solution. After 
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this the color is then dried at not too high a temperature. 
Ip order to obtain a uniform and brilliant pro'dnftt the 
temperature of the solutions during precipitation must 
bo carefully regulated and great technical experience is 
required^ as the resultant hue of t!^ precipitate may 
otherwise vary consideivably. 

If during precipitation of the lead chromate, addition 
of the proper quantity of siilpliiiric acid is made, palpr 
lemon or.citron tncs null be obtained* Alum and Blanc 
Fixe (BaS 04 ) are also employed in making thfr paler 
Chrome Yellows. 

By treating yellow lead chromate with a weak solution 
of sodium or potassium hydroxide (caustic soda ,or 
]»olash), which removes some of the cliromate radical of 
the lead chromate, basic lead cliromate, orange yelllow 
to orange red in hue, w^ill bf^ formed. Chrome Orange 
and Chrome JUdj PbOO^.PbO, can also be obtained by 
lirmpitation from solutions of lead acetate, litharge and 
neutral potassium chromate; sometimes, also,"with ad¬ 
dition of canstic potash to yield the deeper, redder hues. 

'Nie Chrome Yellows are vqry strong toning colors, if 
chemically pure arc reasonably permanent to light, show¬ 
ing a tendency to (darken somewhat, becoming brownish 
in hue, especially noticeable vlien used ns a Tempera or 
Water Color. Like all pigments containing load, sul- 
idiuroiis gases convert the lead to black lead sulphide. 
Foiv fresco and stereochromy only the Orange Chromes 
H^eH^ractical as the Yellow Chromea would be rapidly 
changed to orange hues by action of the free alkali. 

The Chrome Yellows are very opaque and dry well as 
oil colors. As oil colors, especially if protected by a 
stnmg him of varnish, the Clirome Yellows are reason¬ 
ably permanent. However,when mixed with pigments of 
organic origin, especinllv' tliose which themselves are 
prone to oxidije, they show a tendency to undergo re¬ 
duction, that is, loss of oxygen by their c}it;pmate radi- 

^ * • 
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cal, folding tBe green or lower oxklc of chromiuin* 

Hydrochloric acidtdeccmpdso^ Chrome Yellow yielding 
a Bolution, rctlditili yellow in color (free chromic acid) 
and a residue of white lead chloride: 

PbCrO^ -{, 211*01 Ilj^rO, + TbCl*. 

Chroma rhroiiijc Hcid Tje<nd Chlorido, ^ 

Yellow in hoLution tilmont 

sulnldc jiredldtal'e, 

Thg diluted solution of reddisli-yellow chromic acid, if 
alcohol be added, will turn green in color ui)on warming, 
and produce agreealile aldeliydo odor, roKonililing the 
smell of Apples, 

The while precijiitate of lead chloride will diwsolve in 
an excess of hot water, in wlijcli Ifie pi'cseiiee of lead enn 
ho detected with so<Uum sulphide (formation of hLack 
lead sulpliide). 

Tjyes also decr>mj>ofte Tiirome VeJiows witli ffn'iniitioii 
of yelh^w colored sohitiuiis of tiie allfaii chromates. Am- 
moniu dissolves'Oirome Yellows yu4fiiiig p yejlow solii» 
lion. 

(^uistic soda, lud ill t^xfess* changes Chrome YtJIows to 
orange color. Heated witli carbon, fhrnmo Yaiiow^is 
converted into metallic lead. 

Impure fiigmeuis containing free snlplmr or certain 
sulphur comi^oiinds, such as the sulphides, will darken the 
(^hroine Yelh»ws to a dark hi'own or gray {tormatioii nf 
hlack lead sulphide). For this reason lltey aseingnm- 
palihle with impure 1 ■Itramarines, ^"el■Inili^^ns, ^jitho- 
ptjjie While, or Cadmium Yellows. Wlieii colors are re- * 
4[mred in admixture with yellows, pure zinc yellow, lemon 
or efrontjan yellowy harium Aromnfe or the cadmninii^ 
should be used, as these contain no lead. , 

Kings Yellow is an espec^lly brilliant pale^^ariety of 
Chropie Yellow,J^ometimes also mixtures nf Chrome Yel¬ 
low and Zinc White; or for Avatcr c-oIot* Cadmium Yellow* 
and Zinc* WlntC. 'The yellow sulphide of arsenic also 
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nppt?ar*^ somotimcR under the zianio Kiiig’s^Yollow; hvA is 
moVe commoidy known AH*Orpimcnt. In recent years 
Orpiinent has become obsolete as a pigment 
Chrome Yellow was discovered about 1797 but ovi- 
denee of its use as a ]ugnienl does not a'ppear until early 
in the nineteenth centu’T*' 


CLAY 

China t^lay, Kaolin^ Modeling ('lay, Porcclaio 
Clay, Tonerde, Fuller's Eartli, Kieselguhr, 
"Wliite ]5oie, l^ipe Clay 

Prinei})uUy Ilifdrotrd Ahtminum 
21LO 

The best varieties of Hay use in tlie hue arts are 
imported dVom Fnglant], Clay is a natural ]U'o(lnct 
found generally ni bods of varying Ibiekuess, the prevail¬ 
ing colors being wlule, yellow, brown mid red* These 
I'olors are due to the j>resenee of irort, maiiganese, ro}^per 
or other melallie oxides* Tbe Oebres, Umbers UTid Sien¬ 
nas are Hays colored with oxideA (if and nuiiigancst^ 
Fa?/rr'v Earth j Kir.'yrJgith}\ is a purei' variety* being 
forms of silica and silicate of alumina, diatomaceous in 
nature. When pure,the China Clay isa fiiie^\hitc, amor¬ 
phous powder, the chief chai'acteristios of which are its 
plasticity and sligld adhesive <iua]i1y, its greasy n;el and 
lustre** Jt is quite insoluble in watei', dilute acids and aU 
kalies and only sligUty affected by beat* When strongly 
heated, the Clays hcc^>^^e (|UJte hard, due to the loss of 
raoisturo and combined water. This property is utiliz:}d 
in the manufacture of Potlery, Porcelain, i liina, Pritks, 
cte. The finest China Clays are .aguierally known as 
Kaoliv^ which is its Chintw name. Pri<u' to the dis¬ 
covery of the {^hina (Uay dej>osits in England and other 
:.ountries, the hast'kinds of white jjottery were imjiorted 
from China, hence its imme China Clay and tiie pottery 
of the same became ^o he known as ("liiiia* 
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J^od^ling Chys (Plastic Clays) are cspceialljr selected 
clays (Rotten Graniie) yielding a stiff paste with water 
and consist citcJusivfily of mixtures of piire aluminium 
silicate and silica. When foreign hodies, especially lime 
, and sand are present, according to the amount of these in 
admixture, ftje i>ks1icity of thTj c,lay is reduced. 

Ab a i>igment China ("lay is quite permanent, resisting 
perfectly exposure to light and aimosphero for^any length 
of tiipe* Owing to its lack of body and transparency 
when ground in oil, it is more advantageously used as a 
(-arrier or base in jhe prejiaratirjji uf lake coltjrs and as 
an inert'extender or filfer, in tiie heavy paint trade. It 
is also used to keeji pigments of heavy gravity in simpcn- 
sion. 

COAL-TAR COLORS AND DYES 

The largo group of artificial organic dye-stuffs, which 
only since the^midille of the iiiiietceuUi century, l^ave been 
synthetically pt^duci^rl from the ckt^inlcal coustituents^ 
of coal-tar, fonnerly considered a waste hy-ptodi^t of 
destructive or dry disJiUation of soft coal in the maiiu- 
i'actiw of coal gas, ammonia lirpn^y, tar and coke, have 
almost in rccmit years displaced tljc natural organic dy^s. 
These latle^ rtqiresent co4or extracts of organic and ani¬ 
mal origJit, sndi as f.aimine from the dried (.^ocluneal 
insect. Yellows from the (Jnercitron Bark, Alizarin from 
the Ifedder Bc^ot, etc. TIic natural dye-stu^s^ were 
known and used as dyes and pigments from eSrfiest 
classical times. Pliny in Ins ^^Vatiiralis liistoria,” A.D. 
77, made consideraljle mention of lliem. 

toal-tar is a brownish-hlack,V)iIy, viscous fluid, colored^ 
by suspended carlxm and of exceedingly^ complex coma 
positioin More than a hundred substances arc more or 
less accurately knowTi and identified in it. These neut¬ 
ral, acid and a small qiiaiiity of basic siubstances are ob-^ 
lained iiidividiiaffy^from the coaid nr, partly by fractional 
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distillation and partly by cliemieal moans. Tl^s crude 
tar is distilled usually injo four frac^tions: 


Distillatu 






CV^iiKtitueiLtH of tho 
JYaction 


Iviffiit. Oil cir Crutic 
Naphtha. 

MLc]tlh\ E^r Cm'bi>]i(^ oil ,. 

Hi:avy, or C^^OButp oil f 

AiithrumiE' ml . 

Pitch. 


t 

' up to 170“ C. 

17(r-2:i0® C. 

* 

2ao“-270“ c. 

above 270“ C. 
ri'^^iflue in wtill, 
jiipC i>f i^arhorL 


I t 

i ^Benzene (lltmzol) and 
[ homo]ci|;iii\'^. 

Carbolic Acid aad 
EVaphthalcnc!. 

: CErtiHstitucnl^i ai»t UHUJiJly 
N(‘|iarEEl-cd. h 
' Anthriicji^rie. 


^ BenusenA (IJI, (Bcazol) from coal-liir ^l]ll^ul^l not Iw E-onfused with 
Pendne a derivative of Pefro/nrm. 


Jhe oily distillatieu products, wbicli alone are valu¬ 
able to tbe color manufactnrci, form about 48 percent of 
the total distillates, comprising essentially the following 
hydrocarbons: 

Benzene (Benzol) fnnn wliielj "^niiline and nuniy 
dydlf and drugs are prepared, and its liomologues Toluene > 
(Tolugl) CrJlsCIlg; Xylene (Kylol); Phenols; Cresols; 
Naphthalene soltl ordinarily as moth-balls ^iml the 

starting point for synthetic Indigo and Anthracene 
from wliicli valuable dyes siicli as AliKariii and 
Indaiithrene are made. A very few of those tar products 
are directly used for color making, most of them being 
convfertJjd by chemical processes into derivatives, suitable 
for reactions employed for producing the coloring mat¬ 
ters. 

Unfortunately tlie greater majority of tlio incoiiQjcsiv- 
able number of colors obtained as dyes from the cofU-lar 
♦ derivatives eyiinot be practically miniiifacture 

lake pigments, owijigto their exceedingly fugitive efjarac¬ 
ier when exposed to light, w'liicli is Hl^ewise 1 rue of the 
lake cohn's made from them. Sfune of the true aniline 
colors, as Mauve (Aniline Violet). Fuchsiiic (Ajiilhic 
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Red), Mcthylgreen, Aniline Blue, the Eostnes, many yel- 
etc., im account of tlieir,grcat hrilliaiicy, are in de¬ 
mand and iiRed despite tlieir fugiiivenesH, Home diaaii- 
j>eanng entirely if exposed to direet sini li^i^lit l>iit for a 
sln^rt time. 

Aniline Cok)rs do not comprisi the entire gi'oup of Coal- 
Tar Colors as is often erroneous!^ supposed, but repre¬ 
sent only a small group of one of the many already men* 
tioned derivatives of the coal-tar, having as ^heir base 
Aniliift or its related compounds. 

In the year 1856 Sir William Perkin discovered a beau* 
tiful violet compound, mauve, while experimenting with 
aniline. During the next few years he established the 
manufacture of mauve on a commercial basis. This 
proved to be the starting point for a great industry for 
the ]jrepandinn tjf tlKuisamls o]' diflerent eolois of almost 
every coiieeivalde tiue f^y synjlietie jn’ 0 (Tss{'s, Some of 
the artificial dyes are identical with Uiose obtained from 
natural sources, ^>eing in many instMices more brilliant 
and permanent than the original. 

The majority of coal-tar dyes are soluble in water'and 
must l>e precipitated on a neutral base or carrier, to form 
an iitKoluhle Jake ]ngmeiit. Alcohol or water extracts 
soHK* dyes froin lake pigments, ru' from pigments which 
liave been adiilterated'witli dyes, this funning n simple 
teat for tl»eir detection. 

When some of the more permanent lake pigment# (ali¬ 
zarin, etcj'are used in admixture with such colors as the 
liurnt Oclircs, Ht. Sitoinas ami ]M. Tmljcrs, etc., they 
can not be looked njjon as adulterants, but are safe com¬ 
binations producing a more Williant and colorful pig- 
' meat. 

Some coal-tar colors, which are entirely free from 
pojson ur liave pliysiuiogiCal ctTeci uti the luiman sys¬ 
tem anR which before use must have the approval of gov* 
ernmeiitaldmrcaud are frequently used as coloring mat- 
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ter in food stuffs, viz,, confectionery, ice cream, beverages 
and also in cosmoties, TJie coal-tar i>rodiiclR arc UHod 
principally as dyes aii(^ for tlie manufacture of color 
pigments. Tliere are however, any number of other pur- 
jK>Be3 for which they are used, 

f 

cObaltblue 

Bleu de Thenard, Kings Blue, Bleu dc cobalt, 

Bled Cobaito, Aznl de Oobalto, Kohaltblau^ 

Principally the Oxides of and Alum- 

ALO,,—occasionally,presence of i>bosphonc 
acid; arsenic acid or Zinc Oxide, to yield different hues. 

According to the method employed in its manufacture 
Cobalt Blue is a mixture of either oxide, phosphate or 
arsenate of Cobalt Avitli aluminium oxide yielding a deep 
rich blue tending toward violet, Oj)ticaily Cobalt Blue 
reflects a considerable amount of green and violet light, 
in consequence of xvhieh it acquires a decided purplish 
hueswheli examined by artilicial light, particularly by gas 
or candle light. 

The usual Cobalt of violet hue, are compounds of 
cobaltous oxide and aluminum oxide. Variable amounts 
of zinc oxide to Cobalt yield a pure greenish-Jdue, the hue 
of which varies according to the quaiiity of Zinc Oxide 
present By heating at high temperatures an intimate 
mixtir^e of Aluminum Oxide, or Alumiuu, (Aluminum hy¬ 
drate) witii Cobalt carbonate, phosiihale, oi' arsenate, 
the pigment Cobalt Bine is obtaijiod, Ahmiiiia in <‘X- 
cess will produce lighter tints. 

The Cobalt Blues are ^-^ed safely in all techniques^ ab¬ 
solutely permanent to light and air, non-poisonoiis, with 
little covering power and can be mixed with all other pig¬ 
ments without affecting them in any way, or being altered 
thereby themselves. Weak acids or alkalies do not affect 
Cobalt Blues, likewise they are impervious to eulphuroua 
gases. 
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tntrainariflo Blues arc sometimes offered as cheaper 
Bubetitutes for the Cobalt Blues, but can be easily recog¬ 
nized by treating wiWi acids fewlution of lIjS)* 

Like all cobalt compounds, when fused with borax on 
the loop of a platinum 'wire even in small quanities a 
■ deep blue glass^Wad is formed. 

Cobalt Blue appeared us a pigment in the early nine¬ 
teenth century* 

COBALT GREENI4 

Hinmnnn’s Green, Zinc Green, Vert de Cobalt, 

Vert dc Zinc, Vert de cobalt, Verde di cobalt, 
Verd(‘ dc calndto, Kobnll (Jrucn 

' Ksseuijiilly a coinfjoniKl of dtthalioys Ojidc - VoO— 
with Zvic (hide -ZiiO> 

These greens arc ]jrepared in similar manner to Cobalt 
Blue, the compound being'formcd when yobalt\}xi(]c and 
zinc oxide, in intimate mixture, are heated at hjgli tem- 
peraturos, Thejuder tints require consistently greater 
amounts of zinc’oxide. 

The genuine Cobalt Greens are absolutely permanent, 
semi-transparent, the deeper shades being more transpar¬ 
ent, dependable and safe in all techniques and in mheturea 
Avilh otiJLT j>igmenlH Avill jiot alter or tlicmsulves bmuiie 
altered by these, will decompose at moderately high 
temperatures* , 

jicid diss<jlve,s t.'(di;ilt (Jroens lu roso¬ 
red soluticm (Chlorides of Cobalt and Zinc), 'fti^deep 
blue glass-bead, characteristic of Cobalt compounds, will 
be produced when fusing CobaL Green with borax on n 
plaitiuum Avire* 

Some loss oxiiensiA^o pigmonfR are fcniiul on tlie mar 
Icct under tlio imme Fobalt Groen, Avliitdi are usually mix 
turcs of Ultramarine and Zinc Tollow* Tlies(rare not 
hoAA^ev^r* as safe*as suhslilutos obtaiiioil by mixtures o 
Cobalt Blue and t-admium Yellow or other safe Vellowe 
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Emcraudc Green (hydrated oxide of chromfnm) or oxide 
of chrominni opaqne having greater color value'and of 
equal permanency find greater favor as a pigment. 

The Oobalt Greens were discovered l)y the Swede, Riii’ 
Tnann, during the end of the eightecntli century. 

COBALT VIOLETS 

Cobalt Virtlet Light^ Cobalt Violet Deep, Cobalt 
Red, Violet dVj cobalt, Violetto eobalto, Cobalto 
viol eta, Koba It violet 

Anhtfdrons Cohalt Phosphate—Co^{TO^) 2 * 

This absolutelj^ permanent and dependable violet hue 
pigment, transparent, with but little tinting power dr 
brilliancy, ia adaptable to all techniques- It is not acted 
upon by acids or bases and heat will not destroy the Co¬ 
balt Violets, as is the case witli the great number of more 
brilliant^ organic violets lakes, such as Mauve, Purple 
Lake, etc. t^obalt Violet is insr^luhlc in Jlie (jrdiiiM'y sol¬ 
vents and is not discolored by sulphnrolis gases. 

I3y precipitating a solution of any soluble Cobalt salt 
with aiiolntionof Disodiuin PhnMjjliutu (NaJIPOil^lL.O) 
thoroughly washing and drying the preci]utate and,then 
heating to a high temperature, the yield will be Cobalt 
Violet 

Pigmentfi consisting of cobalt and magnesium oxides, 
prepc^red at high temperatures to yield more reddi^^h hues 
art sonfetimes called Cobalt Red, When alumina is pres¬ 
ent a more purplish hue is obtained. These pigments 
are quite permanent and ]iossea 0 complete stability in the 
different vehicles emplijyed in Ibe varitms techuiqut^s. 
Likewise, the Cobalt Violet pigments consisting of cobalt 
arsenate, with sometimes small quanitics of the phos¬ 
phate present, obtained also at high temperatures, are of 
varying hues and share the permaiienl: qualities = of the 
Cohalt Violets already described. 
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UcatL'd oil file loo]) of a ]tlatiiii]m wire witli Borax, like 
all Cobalt compounds, tlie Cobalt Violets will yield a blue 
^lase bead. 

Cobalt Violets were introduced as pigments in 1859 by 
Salvctat. 

COBALT YELLOW 

Auroolin; Jaune de Cobalt; Kobaltgclb 

This yellow crystalline compound salt of the metal Co¬ 
balt, double NiMtc. of Cobalt and Pnfassivtn* has been 
descrilied uiidtir Aiireoliii, with which it is synonymous 
in ciicmical and physical properties. 

COLOGNE EARTH 

This color is synonymous with Vandyke Browm (which 
see), 

CORK BLACK 

Receives its color principally from. Carboii, iii,form of 
a chardoul, 

This ]hgTTieiit fs a variety of car I ton )>Uick o) tinned by' 
charring cork. II resemjiles Blue Black (which see) in 
all ]ihysi<'iil and ciicmical lu'opci’tics, iiowevcr, iiifti more 
fiiiling sti’cngtli tlinn most other elfai'coal ))la{*k.s." 

ORAP LAKES 

(See Madder Lukes) 

CREMNITZ WHITE 

Bianco Cremnitz, Blanc de Cremnitz veritable, 
Blanco do Crems, Kremserweiss 

jthanir of (cffd—;ivbCO 3 ,Pb{ 0 H)„. 

This pigment derives its name from » certain quick 
process for the jireciintatioii of While Lead, originating 
at Kremiiitz in Bohemia. The Wliite Lead ohiained by 
this method is in all chemical respects similar to the well-* 
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kno™ Dutch process White Lead and thfe more recent , 
Wliite Loads obtained by various new processes/ Khya- 
ically it differs, however, from most other White Leads 
in that it is of decided ciyatalline structure, exceedingly 
hard, differing considerably in this respect from the 
fliiore amorphous, soft Flake Whites/ Crqmiutz AVhite 
^ will in consequence ofuts structure, yield a surface with 
fine grain, to,which subsequent applied colors will ad¬ 
here wolh, lif tligrefordj forms an ideal pigment for the 
laying of foundations, giving a decided “tooth" 0 Ti*whieh 
to imint* 

Cremnitz White possesses asi a pigment al^ the best 
finalities of the White Loads, viz*, good color, opaeify ai;d 
permanency to light and pure air. It is very sensitive to 
bnlidinr, sulidmrolted hydrogen, snlphides, and sidphiir' 
ouk gases, in their ])re.sence turning brownish to black 
(formation of l^lack load siil])hide). If ju'otecied hy an 
oil film ^nid coat ofi varnish this react ioti is not likelv lo 
occur* There being no such protective t chicle or varniHli 
use^in fresco, mineral painting (Stcreoehromy) or water 
color tecliiiitiues, eliminates Cremnitz Wliite from use in 
these. ^ 

‘Impure ('admrnni tjiiieksiiver \h‘rinili<)iis, Cl- 

tramarines (U' other ]jigmenls Nmtaining frg:i siilpiinr or 
dangerous suljdjnr comiMinnds, in'cotnixinre wtlli Cjh'iu- 
nitz WhiteVill ju'ocbice diseolaratiojn Wlien tliese pig- 
mentJf'‘ire purt^ this reaction is not evident, l^fixlnres 
with pigmeiits of v(*getaMe or animal origin are best re¬ 
garded as of nncerlaiii slalntiiy, hia'ause I Ik^ (ugariic 
pigments in mixture with the white lead suffer deevm- 
jiositioii or rediielion. ■ 

' Ftn* further; cliemieai and ]iliysii*al propco^iies refer 
to White Lead, witlj wliieh Cremnitz Wijite is syuony- 
mous. 
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CYANINE 

Leitch*s Bkie 

A mixture of Cahalt Blue and Prussian Blue. 

This seniMranspareiit color is praetiealiy permanent, 
the Cobalt I^ue constituent of (he admixture seeming tcT 
protect the Prussian Blue from*clian^(e, by absorbing, 
some of the active (actinic) rays (jf light. Less satis¬ 
factory mixtures of TJltramaniie*]ilije and Priuisian Blue 
are sotnetimes also olTered as this color. 

Cyanine Blue can only be used in oil, tempera and \va- 
1er color techniques, an^ not in fresco or stereochromy 
o^vjiig tile de<*oinp<)siti(>ii of tlie Pi'iissiaii Jiliie constil' 
uent in }>res(‘iice of alknlios. (Sec Prussian Blue and 
('obalt Blue for chemical ]jro per ties.) 

CYPRUS GREEN 

ver\ periuaiienl lake cohir of iiidfvidual brilliant and 
rieli blue-green line. The (^(jloriiig ijfiiici])le boiijg preei- 
]iitated on a traiiHSiaimit base of aluniitia, lends 
meiit ])ai1icularly iisi^ful fls an overglazing color, » 

Cyprus Oi'ceii is arlaidable only in oil and water color 
teeliiiiques. 

DAVEfY’S GRAY 

A co](n‘ jMTpared from silieious eartli^ either clay or 
slate ii#eil more extensividy in Kiigbuid as a pigment, 
wliore it was (u'iginally introdiioed by Mr. Henry I>ftv1iy. 
The color is permaneni, semi-transparent and used priii- 
eipnlly iii mixture with oilier colors io reduce the tones, 
yielding shades clearer and more transkicid tlinii when 
blacks are employed for this purpose. 

Admixtures of Cobalt Blue (or Ultramarine) LumjJ 
Blaek and Zinc White are sc^metimes offered as Davey^s 
Gray, and as sncfi arc also peimanont apd durable. 
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DELFT BLUE 

Delft Blue No* ] d^ep, Delft 51ue No* 2 light 

This semi-opaque deep hue is obtained by admixture 
of Ijidigo and ITlfnimariiit^; is not, boAvevor, as permSuiout 
to light as when the same^s obtained frt>m P/ussian Blue 
,{or Antwerp Blue), Lamp Black and Ultramarine. 

dhacjdn*s blood 

A deep brown-rt^l colored resin obtained principally 
from one of tlic rattan caiic palm trees, CalowKn dracOf 
f<nnul native in Bastern Asia. The ripened fruit of the 
tree is covered willi a deep red, very friable resin^ which 
jfi collected. This resin also exudes froui wounds, made 
foi; this purpose, in the bark of the tree. After sifting 
out any jHipuritie.s, the r(»sin heated either by placing 
in the siui, or in boiling water, and moulded into thin 
rolls, then wrapi^edin reeds or palm leaves aiiddn this 
’condition, is placed'on the market* 

best finalities of Dragon *s Blood are of deep red, 
iiearlyt Idaekish color, lioinf^genVtnis, iiiodfO’tuis^ with 
flweetkli taste, nearly opaque; however, in thin slices it is 
of tran.sparent deep erim-son color* As a pigment it ia 
excoedingly fugitive to light, a ve^y poor drft?r in oil and 
the color destroyed when in nii\jiire with eertiiiu 
metallicr ]ugments, such as White Lead, etc. Dragon's 
Bleo^J sfdnhle in alcohol, bem^ol, chloroform, alkalies, 
in mmi fixed and volatile oils, arul sparingly sutuble in 
turpentine or other* At one time it was used in pharm¬ 
acy, its astringent properties being valued medicinally. 
'It is now used principally as coloring for lacquers, varm 
ishes, toilet ail ides, etc., but seldom* as an artists^ color* 

Dragon's l^loful was called by the aiieieiitH 

and received mention by Pliny in his'^Naturalik His- 
toria,** A.D* 77* 
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EGYPTIAN BLUE 

A double siHcate vf calcium* and CiiO.CaO. 

4SiO,. 

A f)igment known and used hr the early Egyptians 
from the tin^ of Xha fourth dynasty and throughout the 
Roman Empire until the seventh century, when its manu¬ 
facture and application as a pigment ^ems to have 
ceasod, not appearing on the pafette o^the artist during 
the m^ny following centuries. Egyptian Blue is soluble 
in boiling liytlrochloric acid, which solution if treated 
with an excess of ammonium liydroxidc, shows the deep 
blue colored solulion characteristic of pigments contain¬ 
ing copper. 

EMERALD GREEN 

I’aris Green, Vert P;yil Veronese, Sclnveinfurt 
Green, iMtis Green, Veronese Green, Conere 
verde. Veil cendre, Verde ctntza, Mineral 
Green, i-lwedrsli Green, Schetdes Green 

Cnpric Acefo Jrsenite—{GuOAs^O:();,.Cu{Gall-,0;>i^2 
Emerald Gn^en is an<aeeto-arseijito of copper, \;arying 
somew'hat in oomposilion according, to the process em¬ 
ployed in its manufacture. In 1814 w^hile experimenting 
to im))rove kiiieeles Gve^u; (copper arseniic) (also called 
Mitis Green and Veronese Green) named after its dis¬ 
coverer, the eminent Swedish chemist Bcheelo in 1778, 
the muVli m()rc brilliant Schweinfurt Green (E^ilerald 
Green) \vas developed at l!ie color works of W. Rattler 
at Schweiid'llr1, frtmi wldcli it rctn’ivt^s its name, 
^heeks Green, Mineral Green, Swedish Green, Cupric 
.4r^cn;7c"-<^uIIAKO:5 has similV physical and chemical 
properties to Einer;^ld Greens; is, however, not as ]>er- 
manent to light, is non-crystalline in structure and being 
far inferior in hu|.'has been entirely displaced by the Em¬ 
erald Greens, Scheetes Green, wdicn liea/cd with sulpluir- 
ic acid, will iu4 devoloii the characteristic vinegar 
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odor, evidenced Avlieii Emerald Green ia'treated like 
manner. 

i 

Soon after tlie discovery of Emerald Green many meth¬ 
ods were develojjed to produce tlieso greens and altho 
they are all based on the nso of Vei^Sfjris, or copper 
t^dphaie (Blue vitriol^, fivefw acid (VinegSr) and white 
aviienic as the essential materials, a great number of 
varying lines'are obtained aeeordiiig to the process em- 
]>Ioyod. The rofbiltant color in all eases must be thor¬ 
oughly Avashed in order to prove dependable as* a pig¬ 
ment. In hue, Emerald Green, is nearly normal green, 
verging on blue-green. * < 

Emerald Greon is a practically permanent color in oil, 
l^roving safe in admixtures with most all other depend¬ 
able pigments, Ultnnnarinea and Vermilions being per¬ 
haps the only exceptions aa*in commixture with these 
the black snlidiiclc o\' co])per may be formed, 

E met aid Green ^ihould nervr be used with the radmi- 

t 

urns. In this mixture discoloration qjijckly ensues and 
th^aint becomes black. 

Mo^t organic lake pigments *ai;e readily decoiiipofled in 
mixture with Emerald Green. 

When ])rotec1ecl by a strong film of varnish, impure 
air coiifjiining sulphur gases,•cnjiiod atjack tlie Emerald 

K w ^ w 

Green to form black coi^^uu' snlidiide, which is noticeably 
evidenced Vlien used as a water color, 

En^^ald Green is entirely soluble in boiliiij; bydro- 
clildi'ic acid or nitric acid or animr)nia, yjeldfiig no jusol- 
iible residue {Barytes, Gypsum, (Jhromes, etc.) and should 
show no precipitation upon addition of l)arinm cldoride 
to the clear solutirjii. ’\yiieii treated with arid pota^niion 
fen'(fci/aui(lr^ Emerald Green wijl discolor })rownish, 
ITydrogpn sulphide gas--ll..S—as also sodium sulphide, 
will decompose the copper greens, \yith formation of 
black copper fiujphide, 

A small amfuint of Emerald Greep disstdvtd in hydro- 
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chloric rfcifl, if fi small piece of motallie Kine be added, 
will evolve the esM^mdy poisonous gaseous Arsine 
(AsII^), recognized by the cl lar act eristic garlic-liko odor. 
Use extreme caution if this test be made. 

Kmcrald O^^eeii is a very iitiisonous pigment, Tlie 
commercial Paris Green, Cnprio Ayscnif <^—fullAst^-t— 
also a eompoinid of (?of)])cr aJid Arsenic, is a iJowerfiil 
i]isecticide and very iiifcrioi' as a ])igmont. , 

Ammonium liydroxide dissolves Emerald Green to a 
deep blue cobjred solution (ebaraetcristic tost for all cop- 
pQT pigments). 

Emerald* (Iri-en owlr^g to its sfmsitiveiu'ss towards 
alkalies is not adaptalde to mineral ]auiitiug or fresco 
tec1iiii(pics. 

EMERAUDE GREEN 

n 

Venlc siiicraldo, \'ert emeraude, Verde csnier- 
alda, 

llpdraied 0ride"of 

This exceedingly ijcrujaneiit and uiialterahle green pV^- 
ment is one i*t the most usel'ul and safe colors to be found 
on the rtdists’ ]ia!ette for all t^'cdiuifpies. Its ebendcal 
and physierd ]ii' 0 ])ei tii's aiv f[illy described ntider O.r/V/e 
of Chroiiiinw,Jr(utspan\otf willi which pigincml it is syn¬ 
onymous. 

FLAKE WHITE 

Pdanc (T Argent, liliuico de plain, llianco'". 
argento, Bleiwciss, 

liasir Curhouotv of Iviid -2PK'0,.rb(t dl),. 

A variety of Wliite Lead ohtaiiied hy one of the more 
recent'“ <pnck processes,^* winch'are improved develop¬ 
ments over the origiua-l Hutch process (st^e White Ijead), 
It yields a decided amorphous, rtaky pigment, lacking the 
more crystalline shaietnre of tlie Hutch and Hremuitz 
WHiite Leads. 

Some artists" Flake WHiites are an especially opaque 
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variety of Zinc White, aJtho not having quite thte degree 
of opacity of the lead ifrhite, have'the redeeming quality 
of retaining tlieir moi^ brilliant white color, when ex¬ 
posed under cfuiditions which would considerably alter 
the appearance of lead jvhites. Such*a condition, under 
which the lead whitest and pigments containing lead, are 
subject to change, is in the presence of sulphurous gases, 
or in adijiixturciwitii ilupure pigments having excess of 
free sulphur, or sulphides, 

FLESH OCHRE 

Oere de chair, Ocria di came, Ocre color de came, 
Fleiscbocker, 

^ A variety of iiatiirnl ochre receiving its color from the 
presence of iron hydrates jwid oxides. Like all native 
ochre iiignients, it is an absolutely dependable and per- 
maiieiA color for ^iso in all techniques, with fa^ degree 
of opacity, Tn mixtures with organicJpignieiits, such as 
ti\ lake colors there is a slight tendency to decompose 
the hitter, thereby destroying the coloi', Physical and 
clieniical pn^pertitis are fully described under (Mires, 

GAMBOGE 

(jambogium, Guniniigutt, Uomagutn, Gonime- 
gutte, Gomiiia gutta, Gorna gntta, 

« ^ Snmi-solulile gum-resm produced hy several species 
of Garcinia tree found native of India, (Vylon and Siam, 
'Pile best varieties an^ usually off4'red in ]jipes, or cylindri¬ 
cal rolls of varying leii^^tli, about oiu' and one-lmlf inch in 
diameter, very brittle,'of orange color and covered with 
a yellow powder. The gum rosin exudes as a milky 
liquor Yrom incisions in the bark of the tree, gradually 
setting hard. It is then collected, melted and poured into 
moulds of iiQllow bamboo cano. The powdered gum 
Gamboge is often adulterated with starch, dour or even 
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powdered resiix etc* (Jnmbo^e j^ives a cloudy emuJHion 
wlieiJ dissolved in wjiter, linvii^ no odor, but of very 
acrid, bitter taste* It is poisonous, its strong purgative 
properties being used jnedieinally, 

Gamboge is ;i iuixlure of al)oul lit) ])er cent, water- 
soluble gum And about 80 per eeftt. alcohol, ether, chloro¬ 
form, etc,, soluble resin* This resin has properties of 
an acid, forming ennipoiinds w^th soda, I'nie or other 
bases and is the active vahtr principle of the Tiamhoge* 
Giiinboge gradually fades exj>oscd to light and bleaches 
uiidiu' exposure to strong sunlight, Iniwever, recovering 
its color when placed in tie dark, which is also character- 
isiie of the coloring matter of many vcgetahle oils* Al¬ 
though not aflcctcrl by suljdiur compounds, Gamboge is 
darkened by ammoniacal vajjors and alkalies, is soluble 
ill alcohol, ammonia and ]airtial)y in etlier and lias no 
chemical action on other pigments* bowevt*r iiinlergoing 
decomposition iiuadmixtiii'c with certain nu'fallic pig¬ 
ments, such as White Lead, (^iiromn Yellows, Vy^rdigis 
' and some native raw earlljs* High temperatures ^'ill 
also <lestroy this color* '(fanilHJge is dissolved l)y Ticetic 
acid and turns deep orange red wilh'eanslic potash* 
Willi Prussian IHue orjmligo a wide range of clear 
and I'icJi gre^is is obtained, of wliich extensive use is 
made in water color ])aiiiting f//oe/,cj v (hTtnt i’o. 1 Hfjkt, 
(tttru No. J (Oid Pra^^sioti 0)wt). These 
grcTiis are jiol permanent to din^^d sunlight, (nvtng k> 
their content of Gamboge* 

As an oil color Gambogi' is greatly cnimiiced in per- 
mawency and durability by the ad it ion of a small amount 
of copal resin or wax. The partial solubility of Gamboge 
in mOpSf ordinaiy soV\TTifs, naiders the ivstorafinii of 
aged paintings very difficult* 

The (‘arly KlemiVli oi!-i>ainters used Gamboge and dur¬ 
ing the 17th century it was cmidoyetf in making the 
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famous embossed letters of golden hue, for which Am¬ 
sterdam was noted. 

GERANIUM LAKE 

Laque geranium, Lacca geranio, Laca de geranio, 
Qcraniumlacfe, 

This color will be best understood if reference is made 
to the listing of “ Lake Colors,” under which all lake 
colors arq fully d^'seribeJ as a class. 

Soon after the discovery of Eosin dye, in 1876 many 
lake pigments were introduced having this powerful and 
brilliant, but exceedingly fugitive dye as the coloring 
principal on various bases. Tljo Oerauium Lakes used 
principally in the fine arts are precipitated on the trans¬ 
parent alumina hydrate base. This color when produced 
from fugitive dyes, such as Eosin, Erythrosine, etc., fades 
in very short time and shourd not be used, even if only 
a fair amount of iM‘rmanence is mmired. 

The development of the coal-tar dj-^f industry has in 
recent .years fortunately made it possible to produce a 
<ie\inium Lake, which is of goo<l }KTm!meiicy. Some 
artists’ Geranium Lakes have been developed from this 
new Color to yield a pigment, which can he considered 
practically pciinancnt under exposure to light, and un¬ 
affected by alkjilies. The artist (Tesiring to use Geranium 
Lake shotf d first acquaint himself with the permanence 
of the color from the I’especlive color manufacturer. 

The>e are two usual commercial hues of Geranium 
Lake, that having a decided bluish under-tone and that 
tending towards the yellowish. 

When made of pemarent constituents Geranium Lake, 
like all Lake Colors, is hest used as an overglaze color 
and should not be put in admixture with any of the raw 
earth pigments, i.v., Itaw Hienna, tuiliens. Ochres, etc., 
and with certain melallie pigments, i.c.. the Chrome Yel¬ 
lows, Chrome Greens, Wliitc Lead, etc. with which colors 



FIOMKNTB 


59 


decomp^ositiooMS prone to ocur. Mixtures mth safe 
colon, such as other ^rmanent lakes; chemical pigments, 
such as Cobalt Blue, Cobalt Violets, Opaque and Trans¬ 
parent Oxides of Chromium, the calcined native earth 
colors, such as Sienna, Bt. Umber, Light Red, etc. are 
dependable. 

Geranium Lake finds use principally in oil and water 
color techniques, but is readily displaced* by the more 
permanent and brilliant, dependable ABzarin Madders. 

GRAPHITE 
Blackleed, Plumbago, 

An allotropic crystalline form of Carbon. 

Graphite is obtained from natural deposits, the most 
important being found in Ceylon, Rihoria, England, Bo- 
homiji, and New York. Grtiphite usually vnries'ir, purity 
(iO p<‘r cent, to 90 per cent. Carbon content, the remaining 
constituents being mostly silica and clay. Graphite dit 
fers from oilier forms of Carbon, in being very soft and 
of very high kindling tenyjerature. That n.sed as a fig¬ 
ment has a gray-black lint, with metallic lustre, ik quite 
opaque, unctuous to the touch and amorphous in struc¬ 
ture. 

With wliitd (Zinc WTi'te) deltcate neutral grays are ob¬ 
tained. Graphite when prepared free from any foreign 
matter, is an absolutely permanent color, having no effect 
on any cobr in admixture and has verj’ little tistilig 
strength. 

Alkalies or acids do not react with this pigment and it 
is ilisoluble in all ordinary solvents. 

In oil Graphite dries very slowly, and if applied in 
thick layers, a skin‘forms on the surface, underneath 
which the color will remain soft for years an’d if over 
painted with colors drying bard such as zinc, red lead, 
umbers, qtc., cradcs^are bound to rosull in the painting. 



60 


AHTISTS^ J'JtJMKNTS 


As a pigmcTit Graphite is of no importance, being used 
principally in the manufacture of lead pencils- J’oi* this 
purpose the selected Graphite is thoroughly cleaned of 
any impurities and mixed with clay. The varying de¬ 
grees of hardness are secured by altering the proportion 
of clay and the temperature under which'the moulded 
lead for the pencil is sTibjccted, after which it is encased 
in cedar wood and given the finish of the well-knoAvn lead 
pencil. - ' ' 

There also appears as a pigineiitj LEAD BLACK the 
black sulphide of lead made artificially or found native 
in the beautiful lead ore, Gale}jia; which is however un¬ 
important and seldom used as a pigment, being prone to 
decompose or oxidizt^ to Torni h^ad snli>haie, thereby 

changing tlje coltir to a lirownisli-gi‘av line. 

\ 

GREEN LAKES 

Green lake liglu, tm'diuni and deep,^ Latpie vert, 
Laeca verde, Lnen vt^rde, (Sniemn'lack, 

Tills ]}igiin'id lias ll^^ definity coniposilian, lining made 
by ditiei'ent colormen from varying consiiliitmls. There 
lire many other coinmereially valuable and reasonaldy 
permanent green lakes to he hail^ wliieli are usually ad¬ 
aptable to the speeific purpose, for which" they are in- 
tended. Namely the pignnnii is Kiiecinlly nuulet by alter¬ 
ing both tlie coltir f)rinci]ile aii<l Un^ base on fo wiiieb tln^ 
color in fixed to fonii 1lie lake, to yield a prnducl that will 
be acid, alkali, or gas resistant, neniddeeding in (ol or 
water, transparent ur oi^aqiie and perniaiiejit to light, or 
to have any other ]diy.sieal nr chemical iirt^jjerty, that 
may lie ix^quire^l. 

Mixtures of Zinc Vellow and 'Prussian P>luo with 
Almnina are sometimes offered as reasoiiahly peniianent 
and safe Green Lakes. Tiioso pr(nln<*4‘d hy admixture 
of such colors as Dutch Pink, Italian Pink or any other 
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of the Tcry nioiiy fugitive organic dyo-stuff yellow lakes 
with PruKsiaii lilue are not to <>e considered safe, some 
fading in direct sunlight under exjiosure of hut a few 
hours. The artist must rely on the recommendation of 
the color ni^nufA*,lurer to supply a Clreeu Lake, which 
will meet the requirements of tiie.teclmiquc in which the 
pigment is to he used* 

GYPSUIH 

Terra Alha, Mineral AVlnte 
Ififdrafod Calritnti tStd}dt(ifp--Vn^O 
(rypsum occurs iiative*priiicipa]]y as the ^rwe (jifpsum 
with two inoIiTiiles of water of crystallisation —OuSO*,- 
^Hj)—and as the mineral atihiffhilr in j'liomhic crystals 
-C^iSr),. 

Large strata and sometimes whole mouiifains arc 
formed rjf deposits of either or both miiu-rals in many 
paHs of the wor^^h and are thought To have been fonned 
as deposits h'oin evaporation of the one time inland seas 
<)r laki-s* (lyjjsiun is also math' artijlclally, i>eing sJine- 
(lines a hy-prodnet in operations. When found na¬ 

tive ill all inijmic dimse eoiiditiniu informs tlio so-called 
{)?■ when in a granular crystalline foniu 
ofleu more er less cohired in a variegated manner, is 
known as aJashasirr. 

(lypsnni is a \[^vy soft mineral, easily ground and when 
pure is of good hluisli-white color, lighter in gravity tli*in 
barytes or white lead, hnt heavier than china clay or ^ino 
whit4‘. It has hut little ojiacity when ground in oil; work- 
irig^well with water, hi whi<di il is sliglitly soluble. For 
this* reason it is not good foi" outside work, especially 
murine work in lieav^-paints. 

As a base for lake pigments it is neutral in its jiroper- 
ties and ean he mixed witli all otlno' ]ugments without 
affecting them or, being affiTted liy thfcm. It is one of' 
the most* permatieiH iiigiueuts uiialTected by exposure 
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to liglit and air. Gypsum is soluble in hot hydrechjoric 
acid, without effervescence* 

To test for Gypsum as an adulterant, boil a sample of 
the color ill water, filter, and to half of the filtrate add 
hydrochloric acid and then upon the addition of barium 
chloride, Ba(h, an inaqluble Avliite precipitate of barium 
sulphate, BaSO^, will bo fomied in preseneo of the sub 
phate radicle—contained in the gypsum—CaSO*. 
To the other half of the filtrate, if gypsum is present, a 
white insoluble precipitate of calcium carbonate—('^aCO^^ 
— is fonot'd upon the addition of sodium carbonate— 
Na^CO,. 

When heated between KXr and C, Gypsum loses 
a portion of its water of crystulliKatioii and forms a 
white powder knoi^m as Plaiiidr of Paris. (Calcium Sul¬ 
phate—20aSO^,H;;O) which has the property of again 
combining with water, setting to a hard solid mass ac¬ 
companied by a slight increase in velume. Of this 
property, important use is jnade for nionldiiig and cast- 
ing\jurposes and for the making of vioHar etc. 

Stufco is a mixture of Plaster of Paris and rubble with 
absolution of glue, instead of water, Wlieii Gypsum is 
heated above 204' it loses all its w’ater of combiimtitm 

m. 

andbe<*oines anhfdroifs cakmm sitlphate -GaSt>, —which 
is theji no longer aide to take up water of crystallisation 
again and wdll not set hard with water, it is then said to 
hiiVQ boen killed. 

Gypsnm is one of the white earth pigments used from 
earliest times and in mediaeval times, was already ap¬ 
plied, as a base for certain lake colors, 

HARRISON RED 

This pemiaiicnt brilliant vemiilion hue pigment is 
made from a product of one of the large dye industries 
of Germany and originally introduced under the name 
of Harrison Red in honor perhaps of the eminent Ameri¬ 
can artist, Birge ITarrisor, 
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It^hae great'tintin^ power and will not bleed in oil, in 
which it is a very slow drier* - When used properly, it 
is a valuable substitute for most vennilioiiK, being more 
dependable in permanency to light than these and can be 
safely modified fti hue by admixture with the Alizariq 
Madders, 

Being a Lake Color Harrison Ited has tlie usual eliem- 
ical and ])hyBieal properties attributed ^^o this class of pig¬ 
ments. 

HOOKERS GREENS 

Hookers Green 1 light, Hookers Green II (loei> 
Prussian Green, \T?rde di Hooker, Vert de 
Hooker, Verde do Hooker, Hookersgnieii 

Mixtures r)f l^nissiaii Hliie and Gamboge in varying 
projJorUons io give ligiit,^ nn'dinm and deep hues oT a 
rich transparent green ndor, used alnn^st exclusively ag 
a water eolor, sliariiig the lack of .permanency of the 
Gamboge eonstifnent and ])ossessij!g tlie eliemical and 
]diysicjil ]n'o]>erties of both constituents. The deej^est 
(me is Pri^ssio)} GVcci?., 

In (ul color similar lines are obtained liy mixing Prus¬ 
sian Bine witii the Alizarin Vellow Lakes, Cadmiimi Yel¬ 
lows, Zinc Vellow or Tjemfin Yellow. 

Tlie cobn's n^ceive tbcir name from the arlist who first 
introduced tbcir ap]>licalion as pigments, 

INDIAN LAKE 

Lac Lake 

Tliis deep red organic lake jii^ment is today very little 
in demand owing its lack of brilliancy and permiinency, 
being satisfactorily r^'idaced on the artist’s palette hy the 
far more safe, brilliant and iiermanent AlizariinMadders. 

Indian Lake i^*, however, a very old pigment, known 
and used as early.as the thirteejutb eenUiry and met with 
cn old mahnscripts 
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The coloi'iii^^ ^>riii(^jj)le (lac dye) of lake pigment 
is the product of Coccuk, lacca, an i,nsGCt^ which lives on 
species of trees, all of wliiclk liave very gummy or resi¬ 
nous Siii>, ])rinci]ial among whicli are llie species 
Fints and Croton, The gravid female^ insect pnnetures 
the bark of tlie tree and becomes enclosed in the exuding 
,iniee, which hardens into resin. The young develop in 
the body of the dead mother insect and crawl out leaving 
a red coloHng matter in the resinous deposit. This red 
dye {Tjac dye) is then obtained from the resinous mass, 
which mass when lo'oken olT the twigs of the tree consti¬ 
tutes what is known ctnnmereiully as stick-lac. 

INDIAN PURPLE 

A moderately permanent semi-ti'ansi^areiit cohn' made 
nsnahy hy preei]utating Madder Lake in llie jireseiico of 
Ultramarine Line. It has little In'llliaiice and can he 
readily duplicated in Imo on the paleltea>i' the artist. 

■ AVlien in'oduced hy mi\tares of Antwerp Line aiid Ver¬ 
milion tinted witli (\iriniiie, a less pennainnit and hrih 
liant jFi'odiict is obtained. 

INDIAN RED AND RED IRON OXIDES 

t 

Ihmge indien, I^jsso indiano, Kt^jo indnuio, Iji- 
(lischnd, Vaiml nau'tnm, rol<*otliaf\ Jhmge. Inni 
Oxides, (lecf) ami vioh^l, l\'rsian Iteil, Tuscan 
Led, Poni|)eiiari Ked, V't-in^tiaii Led, Ihmgt^ de 
A'^enis^^ Ih^sso di X'eiieKia, Rojo de \ {‘tiet'la, 
Vem^zisclirot, Terra Pnzznt^li 

The basis of these coh^rs is Fcrrir (htflr- 
- Under thi.s elassificalinn lieloiig a greni variety of red 
irfm oxidf* jagments, fnon a light, lu'igiit rt^l to a dee]) 
]nirjjLisli-red hue, in whicli liie. active ^ohjring |)rinci]>le 
, is ferric oxide. /Jliey are either native earths, such as 
the original Indian lied, ^'(‘neti^ln Jted, etc., in which case 



rHJlIliNTg 


(35 


they cloiicly rcsVmble the red ochres (see Ochres natural 
and caldned) or ure^artifically ijrcparcd products. In 
both iiistaiiCH they arc tbonm^^hly dopeiidal)le and per¬ 
fectly j>oniiaiioiit pigments witli considerable opacity and 
tinting strength, • 

The native Tiiineral haematite Jron Stott ft or Blooa 
Stouf^) or red oclire^ in wliit-li the ferric oxide occurs 
nearly cliemicnllv pure, c(jntaiiiit^g about ihT ]>ercent, lias 
' been the source oT snfjply for 1lie iniliirnl rcd*]ngineiils 
from earliest classical atid ancient times. The name In¬ 
dian Hod originated iiosKil^Iy I'rtJiii its original scnirce, tlic 
Orieid, )uirticularly J'ersyi, (U' jan'liaps from the Ameri¬ 
can Indian ^vlin us(‘d the iiativt^ rt'd earths io eoior tlieir 
wigwams and as Ijody decoration* 

Idle natural red iron (oxides are mostly, very inirc ]uxjd- 
ucts, of dark line nM<l as sia-li ar<' e<|nally as ]H*i*maiieiit 
and {lepeiidablt‘ as those artilicially [>i'einired. 

The fu'iginal V'^^'iiefian Red, tiio lighter less pnrjdish, 
more red in hue is a native iirodncf, but is now usually 
* jn'ei>ared artihcally, rc]ircsenting sometimes mixti/es 
of the lighter oxide with ^rtlitillg or clay* ^ 

A great variety of hues are obtained by artificially 
mamifaclnnng tlio red oxide pigmeids by two metbods, 
he*. The i)rtf J^rot rs,'^ ainf lln^ llie dee]>er 

more jmrplish in hue being offered as Indian Red, the 
lighter more red in line \hnietian Red and'still paler 
and moTe Inownish line soinetimi'S as Light Hedj altho 
Light. Red ifl usually understood to be a calcined variety 
of VcHow Ochro- 

nj'dinarily tlie Lry Process is used in making these 
pigimaits, U cousisls in the h?*iiting of ropperas (fer- 
yoits ,stfJptHffv—^ FeS 0 ^. 711 J)) to yield tlie ]nire frvtir o.r- 
itJo —FeJ).;* Ry regulating the temperature ^at wliicb 
the calcination is garricfl on, as also its duration, the hue 
of the resiiUiiig oxide will vary from i\ bright red by 
moderated hcat^ io deep purplish hue’by white boat. 
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The lighter hues usually require a murfi more, careful 
washing to free from the partly ^Jecomposecl copperas- 
Many impure samples contain basic iron sulphates, which 
may be detected by Tnoistening the pigment with water 
^and heating to glowing in a teat tube. The moisture, 
which condenses on the cooler wall of the test tube, should 
not turn blue litmus paper red. 

The Wet ^roeyss usually utilizes by-products of iron 
compounds, which formally in great many instances were 
thrown away as useless, but today the iron is precipi¬ 
tated from solution and calcined; to yield, as in the Dry 
Process, the varying hues of iron oxide reds. 

In the hydrated form, ferric oxide represents the act¬ 
ive coloring principal of the native ochres, siennas and 
umbers, wliich when calciuod give up their water of hy¬ 
dration yield the red ferric oxide, changing thereby 
from a*yellow or brown hue to a decided warm rod hue, 
characteristic of which is Dt. Sienna fro^n Paw Sienna. 

When thorcuigUly washed, all the Ped Iron Oxide ]ug- 
moKts re}jreseiit most dc]ieii<iufile aiul poffoc^lly i>erma- 
nent pigments for use in all tochuhiiies. 'Ihey arc iiidif- 
t>ren4 to alkalies and more or less soluble in acids, tlie 
lighter hues do not resist acid:* as readily as do the deep* 
er purplish lines. They arc insoluble in water and aleo^ 
hoL In mixture with other safe pigments they do not 
alter these or suffer any change in themselves. The Red 
Oxides are not altered by moderate beat and should not 
yield a tari'y distillate on the walls of a test tube wlieii 
heated to glowing. Zinc While or Permallia and Indian 
R(h 1 will yield most reliid^le ftesli tints. Mixtures of'Ali- 
zarin Madder and Red t^xidcs arc offered as Tuscan Red 
or Pompenav RcfL The Alizarin* Madder in this mix¬ 
ture does not decompose as is likely when mixed ^nth the 
native raw earths ctuitaiiiing the hydrated iron oxide. 
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INDIAN YELLOW 

Piurij Purree, Jaune indiGTi, Giallo iiidiano, Am¬ 
arillo indian, IiidiAeli^elb 

Jn impure magifiesmm a^td cftlcium finft of mt.rani hie 

acid—Cj gOi j .SHaO* 

Genuine Indian Yellow ia ohtaifted from the urine of 
cows, which are fed principally u^>on niango leaves, which 
food etimulates the secretion of hile, thJ excess of Avhich 
stron^y colors the urine* The bri^clit yellow urine is 
boiled down in earthen vessels, yielding a yellow mass’ 
which is strained throu^jh a material, such as calico; 
formed into balls and put on the market in this shape* 
About two ounces of Purree is obtained daily from one 
cow producing abemt throe quarters of a gallon urine* It 
is made almost exclusively at Moiighyr in Bengal, by a 
tribe of ]jeople known as the Gwalas. The crude round 
balls of Indian Y^llcw about three of four inches in di¬ 
ameter, arc of dirty greenish to brouii color externally 
^ and internally <jf bright yellow line, with ebaracterij^ic 
ammoniacal, urinous odw find non-poisonous. 

The Voloring principle of Indian Yellow is the salt, 
magnesium cuxantbate, whicli is not ]ircsent alone in the 
natural iiigme^it, but ahya\V associated with foreign min¬ 
eral and organic matters* These impurities are respons¬ 
ible for the strong odor and dark brownish cMor of the 
impure Augment. This raw material, called 1‘iuri, or in 
English PulTce, is first freed from the brown earthly 
crustation, then powdered and washed thoroughly in 
boiling water, until the water liltered from it comes off 
clear showing no brownish dif^jf^oloration* This treat¬ 
ment removes a brown colored impurity and considerable 
of the odor is thereby lost* Tlie pigment is then dried 
and used directly, in this condition* AVbon improperly 
purified the pei'maiiencc of the color is,considerably af¬ 
fected. 
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The genniiic ^nirifiod Iiidinii Yellow is of a (leej> aitd 
rieh inuiKliiceiit. oran^^O'yellow ec^lor, however, of qiioat- 
ioiiiihle i>em;uietiee as a fu^nietil. lii mixtures with other 
aal'e pif^eiits it is not reatlily (leeomposecl oi' aetod upon 
\yy suli>hiir eompouiuls. It is mostl;^*' usihI as a water 
;olar and oil eol(>i\ iii^whieh latter it is a slow drier, hut 
3xcelleiit as an over-glaze color. Heiiig somowliat soluble 
in water it is iiot^adaptiiblc to fresco or aniiioral painting 
(stereoelfromy). 

Composed chiefly of organic matter, geiniino Vnlian 
Yellow leaves hut little white ash when calcined, Yhliite 
liydrochloric acid decomposes* tlie jiigment, destroying 
the color and prwipitatiiig while flaky eiixaiithic acid (in 
contrast to most (if the yellow lakes wliicli yield yellow 
cojorod solutions wlicn treated in similar manner). Am¬ 
monium''hydroxide added iiiM-xct^ss to tlio acid solution 
yields clear stdutimi bright yellow in color, (yellow 
lakes in acid solution, nsnally pre(ai>iti^ie Alumina or Tin 
hydroxide when atnmoijium hydroxide is added iu excess 
to^he acid solnti(jn), 

Th^ more modern Alizarin Vedow Lakes are in greater 
favor, wlien depeinhdile suhs1itut(*s for liidimi Veflow are 
(lesiml and are usually offered as Indian Yellow Iti ii(m 
of the genuine product, 

INDIGO 

Indigo Carmine 
Intense Blue, Indico, 

The principal coloring matter of getniirn^ natural Iii- 
dig(^ ctuisists chiefly of 

Indigo U a product (jJ-curing in cmisiderahle niiahities 
ill a large nund)or of ditferenl jhints, princitiai of wdiich 
is the species (L tiiictoria) imligejions to 

India, Java and many othei' ti'opical cvjuiitries, Bt^ngal, 
India, is the princifial sfjni'ce, altlioiigji the iinest variety 
is obtained frdm Java, 
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Iii<Hg'o occurs ill (ho plfiiit as wtJh'au, a glucoside, 
which is extracted from the loaves of tlie plant, after 
these have been gathered at flowering time, sjiriakled Avitli 
water, then pressed into eemeiit lined pits or vats and 
left to foment % about two weeks. The clear water 
containing absolution of the fwloring matter (hidigo* 
whiie) is then drawn off and oxullzed to blue indigo by 
attin^Kplienc oxygen, forming in the lit[uor as a flcKTuicnt 
blue precipitate (ludigoih). WTiile sitll in a wet pasty 
conditfoii, exteiuiers, such as Chalk, Clay, etc., are some¬ 
times added to cheapen tlie product. It is now necessary 
to wasli and Injil tlie precipitate in water to destroy the 
bacteria responsible for tlie fermentatinn, after which it 
is collected on calico, slowly dried in the air and moulded 
into lumps, Avliich sho^v the improHsion of the calico or 
leaves of the plant, used in forming it into Inmys. 

The ]>rincl]>al l>iue coloring maltcr of the natural In¬ 
digo is IftdifjoiiUf associated witii sniall amounts* of red 
and brown dye-sfiiffs (Ivfffgo Ifrd ajul htdlgo Brown)f 
, mineral matter and nitrogenous compounds. Tlie bast 
varielies are siiecLfically ji^it (floating on water), of pure 
deep bbie color with only slight violet tinge, burn readily 
and show a bright metallic lustre when rubbed with the 
linger nail or other hard^body. B<'ing very brittle, it 
breaks very easily with dull blue fracture. Indigo is not 
soluhle in water, etlicr, alcfiliol, lyes uv liydrocbloidc acid, 
A cliaiv^dcrii^tit' rca<*tit>n is the decomposition of ludigo 
with nitric jwid to ibnn tiie yidlow color, IsatiiL Indigk^ 
is sobil>le ill cldoroforni, aniline, in soTiie fatty oils ainl in 
concenlraleil sulphuric acid; iiarilv solul>lo in benj;ol, 
iobioi, ])licnol, acetoiu', amyl ab'olio) and in the beavier 
fractions of petroleum. 

Indigo i.s a semi-trfins}>arent, ]iignient of fair tinting 
strength and does not share, as a jugment, the ptuma- 
nency to light that it jiossesses as a dye stuff. It is best 
employed,df at all, as a water color, in ail it loses con- 
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siderable brilliancy, and is unsafe in mixtures with White 
Lead, native Ochres, etc*, fading resulting through oxi¬ 
dation. 

In the Orient, Indigo was used in earliest limes* Pliny 
in his Natnralis llistoria, A*n. 77, givjis lengthy descrip¬ 
tion of statingtthat in addition toits use in dye¬ 

ing and painting, it was also used in medicine, as an ap-^ 
l>Iication on wounds and against fever and colds* At one 
time it \\m tlnnfglit to*be a metal. Old Egyptian mum¬ 
mies have been found on which the blue wrappings were 
dyed with Indigo. In the sixteenth century, Indigo was 
first brought from India to the Netherlands and Italy. 
The farmers who cultivated ^lie woad plant in Europe 
Avere strongly o]>posed to its use as a dye and were suc¬ 
cessful in having its importation i>rohibitcd in England 
afid Gepuany in 1577 and also in 1R54 h It was not until 
1737 that its use hccamo genorah 

The'cuUivatioii pf natural Tndigu threatens \u become 
extinct owing to the large production (ft' synthetic Indigo* 
Djjringthe end of the nineteenth ceimry after hveiity-five 
years of research wovh by sc^end eminent vohr chemists 
Prof'Bayer of Munich applied Uiv a j^ateiit {in 1^80) for 
the ilmhing of s.\mlhefic indigo in commercial f]uanlities* 
By 1900 the A’arious processcj*AVoro so far developed that 
the Badisehe Soda-Aniliii Fahrik had* spent about 
$5,000,OOOtOO to mnnufacturo synthetic indigo on a large 
scale and were then producing an amount equaU+o about 
one-fifth of the entire production of natural indigo, 

Wlien Indigo is dissolved by c<mcentrated sulphuric 
acid, suljyliindigoiic add is formed* Tiiis if saturated 
in a weak solution of »oda, will yield tlie Avater spluble 
Indigo Carmine, which* forms a blue paste Avith cop]>er 
lustre* 

Intend Blue is an extract of Indigo, obtained by refin- 
iiig the natural product through precipitation from solu¬ 
tion- yielding,a more transparent and richer, c^dor, pos- 
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seBsing the same physical and chemical characteristics 
as Indigo. 

ITALIAN BLUE 

Venetiaa Blue, Turquols Blue 

A heautifuyugftive cerulean blue lake color of modern. 
introduction lacking the rofiuired <iural)le qualities neces¬ 
sary as an artist’s pigment. For detectiryi see under 
Lake Pigments. ^ 

ITALIAN OCHRE 

An especially selected variety of'Raw Sienna noted for 
its deep rich golden color and translueency, a native 
product of Tocany (Sienna). It shares all the chemical 
and ph3"sical properties of the other Ochres, is adaptable 
to all techniques and lias been nsoil as a pigment since 
earliest times. 

IVORY BLACK 

Bone libiek, .Jniuial Black, Nero tF avoiro, Xoir 
fV Ivorie, Negro de inarfil, Flfenbeiiischwartz 

Carhon (the coloring indneiple) ass<jeiated with iVd- 
rium caylionafc fnnl phosphaie. 

Ivory Blaek is obtained by charring waste ivor\" chijis, 
iiiings, ete., in closed vessels, whereby the organic matter 
is calcined to earhon (about 20 per cent.), giving the jjmb 
net its intense blaek color. Tlie mineral constItnents 
are present as calcium carbonate (lime) and phosphate 
(about 80 per cent.), which, although having no colcir 
value, greatly improve the soft working qualities as a 
pigment. 

Dflxing the calcination great ca»e is exercised that the 
temperature he ijroperl^^ regulated, as an overbiimt 
l>roduct would suffer considerably in color brilliancy and 
under-caleiiiod, would be of decided brownish color 
(Bohd Brown), drying then very poorly as an oil painh 

Bone Bl^ck {AfriinaJ BJ(fch) is similarly obtained by 
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the charring of hones, of inferior eolor-iuiti used more 
extensively in the heavy paint and printing trades owing 
to its redueed cost, compared with tnio Ivory iilack* 

Like all bone blacks and other anim*U blacks, Ivory 
Black acts as a strong decolorizing agent iii presence of 
'most organic pigments^ A sohition of an^orgaiiic color 
will be completely d^olorized if iilten'd througli bone 
blacks. The organic color is not decomposed in this in¬ 
stance, bot absortied by^the bone black. Use of this prop- 
eHy is made in the punfiealion of sugar, removal if? color 
from syrups and other liquids. Ivory Blacks distinguish 
themselves choniically from other carbon blacks in that 
they leave upon calcination a considerable amount (abont 
75 per cent,) of white !>one mineral ash, which is almost 
entirely solubh' in strong liydroehlorie acid, tln^ other 
earbon ,blacks biiniing almost eoni[)h^t(‘ly, with Imt a 
trace of ash. Hydrochloric or nitric acid d]ss{dves the 
phospllate of Ume^rom Ivory i^aek leaving tlie earbon 
ns residue, 

Jvory Black is of wann hi^^wiiish inidcr-tone, hi tensely 
black in color, drying well inmif, perfectly safe anti per 
manent in all tcchni([ues and in mixtures with :dl ntiier 
pcniianent colors. 

Ivorv and Bono Blacks wtn'e also used bv Hit' ancients. 

* t 

KERMES LAKES 
Alkermes, Venetian Scarlet 

This deep crimson eoloring matftT of yellowish-red line 
is a product of the insect Coerns llicts, rcstmibling 1lie 
Cochineal {see (himinjp) found principally on certain 
sptK^ies of oak trees, as also on other ])lants, on the shrinks 
of the Meditorrancam The plants- arc often completely 
covered ^witli these insects, the female of which, with 
young, are dusty brownish colored bodies, globular in 
shape, as large'as peas and attached to the plant in a 
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floeculeiit mass. The dried bodies in prranular form are 
sometimes given the name Kcrmcs Berries, 

The Tjakes propaml Vrom Kennes are believed to l>e 
identical to those of the Cochineal^ however, in general 
are not as briUitujt as these, but of like permanency and 
physical properties. 

Kermes is perhaps one of the oWest dye-stuffs known, 
it being said to have been used as a dye in'the times of 
Moses, caTh^d by Pliny con'lffravum and greatly valued in 
the days of the Roman Empire, as a dyestuff. The Vene- 
rian Scarlet of the Middle-ages was also obtained from 
Kemies. The idgnients T)re])an'd frmn it, in ancient 
times, were usually precipitated on a base of chalk or 
gypsum, and appear consequently more opafpie than the 
modern tran.sx)arciit, alnmina base lakes. 

In later years (’oeliineal 1ms alin(jst eiitii‘ely dis))lneed 
the use of Kerincs; which former, in turn, is also i;apidly 
coming into disuse, the permanent find more briHiant 
Alizarin Lakes being favored. 

KING'S *YELLOW 

(See t’hronw Yellow and Orjiinient) 

An especially brilliant pale variet)" of Cbrome Yellow 
(Lead Eliromato, PliCrOJ sometimes also produced by 
admixture of Zinc White with Chrome Yellow, in both 
instanced it sliares lli(‘ ebeniicnl and [diysical pj'opertieg 
of the Chroide Yellows, 

Asa water color more permanent mixtures of Cadmium 
Yellow and Zinc WTiite are usnall^^ sold as Kings Yellow. 

The yellow sulphide of arsenic knowm and used by the 
ancients as Orpiment itialso called King’s Yellow by some 
authors. This latter pigment has been in disuse, how¬ 
ever, f<ir many yi^aVs, 
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A true theoretical Jake pigment is best represented 
by a compound of which the natural or arlifidal organic 
coloring principle is united in ocpiivaleiit proportions 
with a metallic inert base to form an insoluble, transpar- 
'ent unalterable pigmonu 

Practically bowevef, this is not followed as there are 
several conditions entering into the actual formation of a 
lake pigment. 

For a more clear understanding we might ccJuipara- 
tively regard a lake as a insoluble neutral salt, such as is 
formed by preciintatiou from sohitioiis in inorganic 
cbemistryj when certain mineral acids and bases iniitcriu 
molecular ])ropi)rtions, Siicb c<unpouuds, or lakes, td* 
high (-olnr concentration are sometimes calh^l /oj/cr.s-, be¬ 
cause of their powerful tinting strength, they ai'e used in 
toning mixtures of colors t(j stuTulards, in beavy-]>aiiit 
nimiiifacture, * 

In chemistry a base is defined as the hydroxide of a 
nletal or metallic radicle having a characteristic alkaline < 
or caustic reaction in water'^selution, effecting neutrah 
ization of acids. Tlie cohu* maker interpretoh^s* and ap¬ 
plies the meaning of base in a much broader sense. In 
the lu'oductionof lakes, espe(!iaUy applicable to tlios<» with 
artificial cedoring raatti'vs as color principle any inert, 
ccdorloss or while, usually transparent hotly on whieli the 
coloring matters arc precipitated is termed a some* 
times also called an (\i frttilcr or earner. 

The lake pigments are divided into two groups, those 
produced with 

a. Animal origin (Lac, 
Cochineal etc.)* 

b. Plant or vegetable 
origin (Quercitron 
Bark, Madder Root 
etc.)* ^ 


I, Natural coloring matters 
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II, ArtiBcial coloring matters = Coal-tar derivatives 

(Alizarin, Aniline 
dyes, etc.)* 

I. The Natural Coloring Matter 
To the firstuclass helong the natural color extracts such 
as lac, cocliinoal, fmik% logwood, madder root, IJuercitrou 
bark, etc., which have foiTned the coloring-principles in 
dying and lake making sincje earlidfet timdfe. The artificial 
coloriug matters date only fi-oin llie middle of the nine¬ 
teenth eeutnr}^ and already threaten to entirely displace 
the natural dye-stuffs, both as dyes and for lakc-eolor 
making, yielding colors lar more brilliant, iicrmunent 
and dependable than the natural in-odncts. 

The natural organic coloring matters, which are mostly 
of an acid character, combine with metallic bases, such as 
alumina, tin, iron, lead, etc., to form colored insoluble 
precipitates, Jii practice there is usually an e:iccss of 
base, the coloring matter only being partly in chemical 
eoiubinatitm and td'tcii also ]>artly carried down in a ki«d 
of mechanical mixture wjth the base. The excess of base 
is usuajly intentional to ijroduce a cbeM])er product in 
which the (-tdoi'ing matter is then present in dt sired 
percentage. The genuine# cochineal Carmine is repre¬ 
sentative of liie nearest perfect lake, in that, here the 
coloring matter is combined with the smallest amount of 
base ]jc^sible to yield a iiou-Mecding, insoluhle (in oil and 
wafer), highly concenirateii lake, lacking only ]K'nnft- 
neiicy to give it ail requirements of an ideal lake. 

The metaUie base usually employed is alumina, it yield¬ 
ing fhe most brilliant, concentrated and transparent lakes. 

The usual procedure, in making a lake pignieut, is to 
prepare a clear decoetton of the coloring matter, as highly 
concentrated as possible, to which is then adde<T solutions 
of the base. The color of the resultant lake is greatly 
influenced.by the‘conditions under whfcli precipitation 
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takes place, depending mostly upon the degree of con¬ 
centration, acidity or alkalinity and temperature of the 
solutions during precipitation, as well as the various 
bases emploved. 

Certain natural coloring matters (called suhsiantwe) 
exist ready foniied in'nature and do not require any 
special base or inordajlt; protlncing nearly the same color 
directly on various bm^es, an,example of which^is cochin¬ 
eal; othn’S (called afljt^cUrr) do not devehq> tlieir color 
until combined with, ceilain bases, yielding df!ferent 
colored lakes according to the base or precipitating agent 
employed, madder root being representative of this class, 
yielding with alumina, red lakes; with iron, deep dult 
violet lakes, etc, 

Only with certain few exceptions (sucli as tlie madder 
root extracts, etc.) practically all of the lakes produced 
with Ute natural coloring matters, are not permanent to 
light, 

^ IL Artificial Coloring Matters 

this class belong the maiority of lake pigments in 
conimbii ii.se, the production of which, since the^ middle 
of tire nineteenth century, has increased so rapi<lly as to 
almost entirely displace the lakes made from the natural 
color extracts* The development of the dye industry has 
made it possible to ])roeuiv lake pigments of almost any 
conceivable color, the greater number of which nnfor- 
tVinately lack even moderate permanency and are there¬ 
fore impractical as pigments. Certain dyes, wlien ap¬ 
plied to fabrics, will yield colors of considerable per¬ 
manency (this being chiefly duo to chemical actiqri be¬ 
tween the organic constituents of both dye and fabric) 
but when used for lake making, the'same dye will ofttimes 
produce a very^ fugitive color. 

The lake ])jgnieids made from artilicial erdnring mat¬ 
ters are also not true lakes as the color is not solely com- 
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bined with the precipitating agent^ but always contains 
the addition of another substance in connection with the 
lake proper, wliicli substance varies according to the pur¬ 
pose for which the respective bike is intended. This suIj- 
stanee is kTi^wu*as the base, carrier or extender, anij 
according to its composition caq greatly influence the 
transparency, gravity, tinting power and hye of the pre¬ 
pared lake. To obtain the better quality, transparent 
and brilliant lakes, Alumina is employed as th*e perfect 
base, Other bases, sucli as Whiting (precipitated chalk), 
Rbuic fixe, China Claj', Cypsum, Zinc White, etc., when 
used in varying nnioiinti*, give the resultant lakes dif¬ 
ferent characteristic (pialities. Sometimes colored hases^ 
such as Ketl Lead, <kdires, lTnd>ers, etc., are employed to 
yii'ld very brilliant pigments. 

The three things necessary for making a lake pigment 
fnnn artificial coloi^ingniatlers, are: 

SubstantWe or / Hasic dyes 

I. The Coloring Matter i Direct Dyes ‘ Aciil dvw * 
^ Adjective or 
Mordant Dyes 

II. The Precipitating Agent 

III. The Ease (Carrier or^xtender) 

The coloring matters are iierliajrs of most impoidance, 
as in comiecjion witli the ijropor precipitating agent, 
togetln*!^ w’ith any of the bases already mentioned, in¬ 
numerable diffenmt colored lake jugnients may be ob¬ 
tained. 

Tjie Suhniardive or J}irrct fix themselves chem- 

ieally, or by absorption, directly on a suitable base. Of 
this class the Basic P:ifcs are salts of certain com])Iex 
organic bases, wluch form colored precipitates with cer¬ 
tain xveak organic acids. Ndie Arid Difcs are not all of 
acid nature, but ajv tenned acid ow'ing to their property 
of dyeing Vool and silk fabrics in baths containing a small 
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quantity of free acid. They are precipitated from solu¬ 
tion by acids and metallic salts. The coloring matters 
termed Adjective or Mordmt di/cs arc usually not them¬ 
selves, of the desired color, but require the aid of a sub¬ 
stance, called the mordgnf^ to develop'tliCjColor and fix 
it. Many mordants react chemically with the dye. Thna 
diflFeroiit colere can he ohtained from the same dye by 
using different mordants. The lakes prepared from this 
class are characteriised by tlieir pennaiienee, 

The Jake pigniojits prepared from the natural coloring 
matters were known and used for many centuries. They 
are descrlhed by Pliny in his Natiiralis historia and 
mention is matle of them by other early writers. Tlie 
name ‘Make is derived from tlie dye stuff used and 
known as “ lae by the early Italian dyers and was per¬ 
haps the same siibstanee. as is useil today, under this 
name (see Lac Lak^). In order io fix and develop this 
dye on the fabric a monlaiil composed of the salts of 
alhpamum and tin were used and it was found that some ♦ 
of the dye comlnned with th<* mordant to form an in¬ 
soluble coinponnd of color and ht\^\ which was collected 
from'the liquor in llie form td' scum and after drying was 
sold as Utrra to ai'tists, Later, other lake colors 
were obtained and were soon protluctai indejMmdent fd* the 
dyers vat, wdien today we liml the manuracture of lake 
colors ranking as om* of tlie prnicii)al color-industries. 

Starch is sometimes added to lak(^ pigments as an 
adulterant, the detection of which may he made by wann- 
mg a sample of the pigment in water to the boiling point. 

If starch is present the Ifqnid will thicken to a gelatnious 
paste. 

ITydroeldoric acid deeoniposes nearly all lake colors, 
leaving insoluble n^sidues <d' the bare (barytes, clay, 
etc.). By adding an excess of ammonium hydroxide to 
the acidified solution, ahiuiina {AlumiiiMim hydroxide) or 
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tin hydroxide will be formed as a white precipitate* The 
alumina or tin hydroxide having been uaed as a base for 
the lake* 

The permanent lake colors, owing to thoir brilliancy 
and transpagenet, are most valuable as over-glazing 
colors and mixtures with certain'metallic pigments, sucll 
as White Lead, t^hrome Yellows, \'erdigris, etc,, and most 
raw earths arc best avoided as being of questionable dur¬ 
ability* 

Most lake pigments bleed their color somewhat in alco¬ 
hol and a few, even in water 

LAMP BLACK 

Noir de bougie, Nero fiimo, Negro de humo, 
Lamjienschwarz, A'egetable Black 

A floeeideiit Idack form of conmiereially puj'o var- 
hon—C. 

Lamp l^lack is a fine fiocculent kind of soot, the finer 
varieties obtained principally, as the name inipHos, fgJha 
wick lamps, in which oils lich in caiboii, are burqt with 
insudiefeut air for complete combustion. The soot, which 
is deposited on plates held in the flame, is collected an*d 
ready for eoimnercial nse^ The better varieties are ob¬ 
tained from fluid fatty oils, however very good products 
are also made from fats, gi'casc, tallow, coal-tar oils, 
n'sins^bajihthaleiie, etc. 

Lamp Black is of strong black color, very light in grav¬ 
ity, with considerable opacity and ranks high with the 
mo?it pennanont and stable pigments, being perfectly safe 
in mixtiiiv with all pigments, unaffected by impure air, 
gases, acids or alkalies and insoluble in all usual solvents. 
(See Blue Black, Carbon Black, Ivory Black*) , 

Lamp Black is ^adaptable to all techniques, yielding in 
mixtures with Zinc White, grays with mjirked bluish-tint. 
The liard*lilin of diy Zinc Whiles, in oil: is made much 
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more flexible when LamiJ Bluek ih j^resoiit together with 
the Ziiie While in grays. Lamp Blaek is a very slow 
drier in oil. 

Great quantities of Lamp Blaek are made annually, 
being eliiefly eoiisnmed in tlie making' of^^printers ink, 
heavy-paints, ele, Laipp Hlaek funiis the eoloring prin¬ 
ciple of the Giihiese Indian Stick Ink, 

Its use ns a bla/?k pigment dates back to great e,ntiquity. 

f 

LEMON YELLOW 

Stroiitiaii Yellow, Slrontinni Chromate, Jaune de 
sfrontiaiie, tliallo di slrthiziaiia, Amarillo tie 
estronciana, Baryta Yellow, Barium Chromate, 
Yellow Ultramarine, Permanent Yellow, Juane 
- de baryte, (Jialln di barite, Ainariilo de barita, 
Oltreniare giallo, (hitremer jaiuie, Amarillo 
ultranias, ('itroneiigelb 

(jenerally t>fro\vl'nim - Srt; tjr Hunnm 

BaCrO^, 

Strontium Chromate is of decided lemon line, more pale 
in color than Zinc Chromate and sti'oiiger than Barium 
Chromate. Both Strnntiurii and Barium Chromates arc 
obtained as i)reci])itates wheTj'a iioiiition of a Strontium 
or Biiriuni salt, sneb as Strontium or Barinni (’Ijloiido, 
is mixed with a solution of a cJironiate salt, sucli as Potas- 
sitmi Bichromate. 

Strontian Yellow is a very permanent pigment, can 
be sately mixed witli oflier durable colors wilii exception 
of certain native oehres, which only in some instances 
tend to slightly alter the hue, due to the presence of hy¬ 
drated oxide of iron. 

Strontian Yellow is a good drier in oil and has con¬ 
siderable transpan-nev hath as an oif^and water color. 
Acetic Acid aiidf^Aminonium Salts dissolve this pigment. 
It is also only Very sliglitly soluble in water, Used prin- 
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cipally as an oil and water color pigment and not good in 
Stereochromy and Fresco, 

Owing to the cost of this pigment there is great tempta¬ 
tion to adulterate with Chrome Yellows, detection of 
which is ma<ie clsily evident by tlie resultant forniatiop 
of black lead sulphide, when the,pigment is exposed to 
hydrogen sulphide gas or to a solution of sodium sul¬ 
phide. Pure Strontian Yellow ismot blfickoned by these. 

Bayum Chromate is also a very permanent pigment of 
paler lemon hue than Strontian Yellow and is unquestion¬ 
ably the most ndiahic of the yellow clirnmate colors. Il 
is obtained in similar nuiiiier as tli^^ Strontian Yi‘lh)w, 
namely by ])reeipitalimi an<l possesses almost identical 
chemical and pliysical clinraeteristies. Tn waler H dif- 
fers, liowt^ver, ['roin the Strontium Chromate in that it 
is pi'a(‘tica)ly iristdublc. It is nof blackened by sulplnir 
gasf^s or sodium snipliide. Tlie hne^sometimes trikes on 
a greenish tinge ftmler (exposure to strong sunlight, 

Jbii'inm Chromate is soluble in Ilydn^cliloric Aeid 
Nitric Aei(i. f’arium Chromate when dissolved in hy¬ 
drochloric acid, will yiefd a yellow colored solutimi, and 
if aleolud is a<ldrd aTid warim-d, the sohdioii will tiirji 
gretm in color with chat;;icteristic odor (aldehyde, see 
[lage IHd). Tm this acid soliitinn, add sulplmrie aeid to 
olitain an insoluble wliite precipitate of Barium Kiilphate. 

Baritjm Chi'omate iinjiarts a green color to the lower 
part of tlie liuMsen flame, • 

Permanent Yellow is usually understood to bo a mix¬ 
ture of Barium ('Inornate and Zinc 'While or »Strontian 
YelltJw and Zinc White, or Zinc^^Vnow and Zinc White. 
As such they are all of rather weak color stn^ngth, opaque 
and drying slowly tn oJl, but depeTidable in use with other 
safe pigments and permanent to light and are lad black¬ 
ened by hydrog(‘Ti sulphide gas. 
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LITHARGE 

Mafssicot, Lead Oxide* Burnt White Tjead 

Lead Monoxide {Plymhic PbO* 

By roasting White Lead at a tempeBaturo suRiciently 
High to melt the oxide thus formed, a yellowish-red crj^s- 
tallme mass called Litfiargc is obtained after the mass 
cools and soH'iifics* The soft yellow powder obtained by 
heating White Lead, at a high temperature, is another 
modification of Litliarge known as Massicot, wlfleli is 
permanent to light as a pigment in oih Like all pigments 
containing lend, owing to their sensitiveness to impure 
air containing sii!)dvur compounds in gaseous form, great 
precaution is necessary in their use, the black sulphide 
forming only loo midily. (See Minium and White 
Leads.) « 

Lithgrge has another chemical pj'operty of which im¬ 
portant use is imuh* in the preparntiop of siccaUf and 
yaniisln^s. When 'in mixture with inis, especially appHc- 
alJlc to linseed (jiI, a cheinieal eombiiiatioii of the lead 
oxide ^ind the oil lakes ]>lace* fftmimg an insoluble (in 
water and many solvents) lead soap, lead Tuiolealtf, which 
(Tissofves in the rest of tlie oil to give a kind of varnish, 
which dries very rapidly to a lyird elastjc film. Care 
must be taken not to have ton great a f|uantity of lead 
oxide in admixture with the oil, it being a ver^^ powerful 
drier and very liable to cause cracking and darkdUing of 
the oil and paint. 

Lead Oxide is soluhlo in acetic and nitric acids. When 
on boiling lea<l oxide with hydrochloric acid, if sulplyaric 
acid is added, ins<jluble white lead sulphate is formed. 

LITHOPONE 

Silver White, Albalilh, Beokton 'White, Orr^s 
White 

Esscjttiall}' a eomp<jnnd of /no- ftuf}}hide and ilrtriinH 

SuIphaic—7ii\H -f IhiSW*. 
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ijithopoiie lias been improved in recf^nt years so that 
a product of great uniformity is produced, lacking many 
of the objectioiial propei-tios peculiar to most of the early 
Tjithopones, the parent of which can he said to be Orr’a 
White, pat dik'd Jii 1H74 by .John B, Orr of England, , 

The method of producing I^thopone is tlieoretically 
very simple, it requiring though considerable technical 
and practical skill to obtain uniform and dependable re¬ 
sults,^ Solutions of Barium Sulphide and Zinc Sulphate 
are poured togcllier, the proper concentration and tem¬ 
perature.' being carefully regulated, to yield a double pre¬ 
cipitate of Zinc Sulphide? and Barium Sulphates which 
is then dried and lieated in furnaces to glowing, from 
which it is thrown into water; washed, ground in mills 
and <iried, Tlie early Ihthopones usually contajned up 
wanl to HI per c^ent of Zinc Oxide, directly due to over- 
JieatLiig, this sometimes also ]irodueiiig a sliglit dlscidor- 
ation, 

Tlie b<‘tter varieties of Lithopone have great covt^riag 
and hiding power, are vgrv opaque and hnd wider appli¬ 
cation as a heavy or house-paint pigment, than'as an 
artists^ color, 

Lithopone is perhaps ih\* most intensely white pigment 
in use, liaving* strong tinting properties and exceptional 
covering qualities; of exeelleiil, snnjolh and fine, uniform 
texturc*witli remarkable inertness in most vehicles, appli¬ 
cable to all i^ajiiting tediiiiquos, ext-epfing those of stron"^ 
acid nature. 

Acids docompose the Zinc Sulphide with formation of 
Hydrogen Sulphide, leaving barhim sulphate unaffected 
as an insoluble white residue. Lithopone is not affected 
by sulphurous gases or coiiipoiuids. Tii oil, Lithopone 
is not a quick driei;^ comparing more to Zinc AVhite in this 
reRi>oet Lithoptjne is alst^ inm-toxie, ^ 

Some varedU'^s of ]jitho})niie exlnliit a peculiar 
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property of tnrning gray, when, exposed to the action of 
lYioiRtnro and direct snnliglit the white color however 
usually retnming when removed from those influences. 
It is generally accepted^ that this decoinpoaitio-n is the 
fGsnlt of a reduction of the Zinc Kulphidc content to 
metallic Zinc and Kydi^gen Sulphide, this rcciclioii being 
developed by, the actinic rays of sunlight Owing to this 
peculiarity, luixtares with pigments containing wther lead 
or copper are host avoided, the black sulphides these 
metals being likely to-lorin, 

Meeliaiiieal niixlai es of iiatiind or artifieial Hariam 
Sulphate aii<I Zinc Sulphide, irt the same proportions as 
contained in Lithopone, yield a product differing abso¬ 
lutely in ]jhyyic;d cliaract('r. In precipitating the liarium 
Sulphate and Zinc Sulpliide simultaneously and then 
trejitiiig this precipitate as already described, the mole¬ 
cules (tf each substance become so intimately (‘ornbined 
as t() almost give^tlie ajjpeararioe of ^ chemical, rather 
•tliun a pijyslcal combination; wliereas in a mecliaiiical 
mixture tlie identitv of each tin' \\vu snhstaTiees is not 
lost, e*ach being imlividually recognized microscf^pically, 
by tiieir characteristic stnicture. 

MADDER LAKES 

Madder Lake, Madder Tjake lO.vIra Deep, Tjacea 
di garance, La<|no de garance, Laea de garaRza, 
Krapplack, Rose Madder, Garance Ki>«e, Gar- 
ance nisa, Gaiariza rnsa, Krise Madder Deep, 

Pink Madder, Madder (^^rniine, ]^ubens Madder, 
]^ose DonV, Madder Purtde, Madder DrowH, 
Crap Lakes 

Essentijfdly lakes, on Alumina base, coloring princi])les 
of which arc AIizarhi — ^\ ,11^0,-01x1 I^arpurlu -V]^- 

HA. 

A great number of organic latcy pigments* very per- 
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mancnt to light ai'e listed under this group. The best 
are essentially combinutions of alumina hydrate and 
Alizarin, whicJi is the most iinptjrtant coloring principal 
obtained from the Madder root iltuhia iinctorium). The 
soft eellidar tissup of the Madder root is much richer in 
coloring suliftanceg than any cither part of the plant! 
The coloring matter exists in 111? plant in tlie foi-m ot 
glucitsides, j»rin<-i]jal rjf whicli iw Alizarin aiaf Purpurin, 
Alizarin yields the more permanent and brilluint lakes 
of dp(^i rich crimson to violet and maroon hue, varying 
according to the concentration, purity and the kind of 
base on \vh\di the color is precipitated, 

Purpurin yields more orange and red hue lakes, usually 
slightly less permanetif than tlie Alizarin Lakes. 

Many different color hikes are obtained from tlje Mad¬ 
der root extracts, depending principally upon certain 
conditions under which the formation and preciijitation 
of tlie lake lookjdat^e, namely, the Hue )>eing consider- 
ably altenHl wln^n vai'ioiis liases are tised; likewise the 
temiierature, concentration of the solutions and pur/Ty 
affecting the resullani celfftx 
The gcriuirie Madder l^akes from the Madder root liavc 
eonijjlex cnlor conslituerts comprising iiiixturos of Aliz¬ 
arin and Purpurin, ete.,*aMd yield in eimsefjuence a 
considerable number of varying colors, all of wliich are 
among the moi'e permanent lake pigments adaptable to 
the <lifh^rent teelinicpies, not good liowever, for fresco 
or stereocliromy. The most iiernianent is the deep Aliz¬ 
arin ]\radder Lake* In eonsetjueiiee of tlieir brilliancy, 
transparency and permanency, tlie Maddtu' Lakes, as also 
the coal-tar Alizarin Madder Lhkes, rauk as the most 
useful over-glazing et>lors. 

Since synjIndie, or eoal-iar Alizarin, has, been de¬ 
veloped fi'<irn antbraetoie, 1fit‘ natural Madder extraets 
have been practically displaced both as dyes and as color¬ 
ing principals for lake pigments. 
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The synthetic Alizarins, and similar derivatives are 
usually of riclier hue and when properly Tiianufacturodf 
are more permanent than the natural color extracts ot 
the madder root, which almost always contain at least 
traces of less pemaitent color constituents, 

' Natural Madder Lakes do not bleed in water or alcohol, 
are unsafe in mixture^ with cei^tain native raw earths, 
'wli’ife lead/and poine oilier metaiJic qolors, such as 
Chrome bellows, etc,, with Pennalba, admixtures arc safe 
and form permanent pale tints of the Madder ^Jakes. 

Extracts from the 1\fadder rotd were used foi- dyeing 
since earliest times- 

Turkey Red is obtained from*the madder root, 

Rodinm hydroxide entirely dissolves Almirin and Mad¬ 
der Lakes (an alumina base) to a blue violet solution 
(Piirpnmn yields a cherry red stdiition), winch np<ni the 
additimi of diliile siilfdniric acid in loses its ndor 

with formation of ti fioeculent colored jorecipitatc of the 
^dye-stuff (oran^o-^'ellow in color if Alizarin and bright 
nV if Pur])iirjii) leaving' 1lie siiijeriialaid li<[uid ]H'ac- 
ticalh; colorless, Parmine or Cad'mine Lakes arc detected 
by their ]eavin^; the acidified solution more or-less in^ 
fenHively red in color. 

Alizarin and Madder Lakefi are insoluble In water or 

alcohol, a colored solution would indicate the addition 
of soluble dve. 

MAGENTA 

Aniline Violet Lake, Violetto d’ aniliiia rossiceio 
Violet d’ aniline ronp;eAtre Magenta, Violets de 
nnilina rojiza Magenta 

A hrilliant lake pigment of characteristic magenta hue, 
the coloring principal of which is an aniline derivative 
precipitated on a base of Alumina, or^any other snitable 
extender. Mafjeiilfi is not praetieal as a pigment for art¬ 
ists’ use, it being one of the most fugitive aniline colors, 
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requiring exposure to direct sunlight for but a short 
time to effect marked fading. It is very unsafe in ad* 
mixture with most metallic colors. 

Magenta has only been developed since the middle of 
the nineteenth eoiitury and should mider no consideration 
appear on tHe artists palette, when even moderate perir 
maneney is a requirement. 

MALACHITE QREEN 

Ch!*cen Verditer, Green (^opper Carbonate, Moun¬ 
tain Green, Green Bice, Vert do Montagne, 
Mineral Green, Verde miiierale, Vert mineral, 
Verde mineral, Berggruen, Malachitgruen 

lia.w Copprr (\uhoiHiic-^ t!ut'0:j.Cu(Oil)i. 

Malachite Green is found native in America, Burope, 
Asia and Africa. "J'he raw Jiiineral, after careful selec¬ 
tion, free from earthy suhstauces. is^ground as fmely as 
possible and is lli’in suitable as a color pigment. 

In chemical coinpoKition it is closely allied with th® 
blue basic copper carbonate {see Air Blue) containing 
only less of the carbonate. 

Like all eop])er conipnuiid pigments, it is sensitive tp 
impm-c air, very readily l>econjiug blackened in contact 
with sulpliureus gases or sulphur roinpouniis and often 
fading slightly under exposure to strong light. Ad¬ 
mixtures with colors containing sulphur or sulphur eom- 
pounds'are, therefore, best avoided, principal of which 
are Cadmium Yellows, Aurora Yellow, Ultramarines, 
geniiim* W^nnilioiis, (4c. .\s an oil color, ^Malachite 

Green is mro'c perniaiieiij than in any <dher lechiiic|UO, 
espeeially is this true when protected by u strong varnish 
film. 

Malachite Green is, also, made artificiaUy. Tlie prod¬ 
uct is usually far less brilliant, bnl possesses the chem¬ 
ical and physical properties of the native nimeral. 
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Malachite Green is soluhJo in acids, with' effervescence 
to a clear solution, which will turn to a deep blue color 
upon addition of ammonia water in excess. Heat de¬ 
stroys this pigment, yielding the black copper oxide. 

Malachite Green is unquestionably the oldest known 
green pigment, in use over three thousaial years, con- 
confirming evidences o& which have been found in Pompeii 
and Rome and in ancient Egyptian ruins. 

MANGANESE VIOLET 

Mineral Violet, Permanent Violet, Nuernberger 
Violet 

• * * ^ 

A tloiiblo salt of Phusiihoyw And with and 

AmmnuhfnL 

This ponnaneut violet liun ]ii^nerit is only seldom in 
demand S>y the ai'fist. It is of tiwr violet line tlian the 
more reddish (^balt Violet and to^^ether Avith this and 
Violet Ulti'aniaiine' they form the principal per- 

,f»ianent violet pi^^ments* 

Manganese Dioxide and Anmuminm Pljosphate are 
melted together, with evaJiition *of Ammonia, to yield a 
^uset^ mass of violet color, whieli is then digested with 
pliosphorie acid and lieated niilil a lief: vioh^l fair is jn'o- 
dneed, Aflt^r erK>liiig it is tlien Uiorongfdy waslied with 
water and phosphoric acid, until the residue pigment, 
which remains, is no longer soluble in wuler. Manga- 
it/ 2 se Violet is soluble in liydrochlorie acid, with evolution 
of chlorine* It is deeompose<] liy lyes andVaustic lime, 
to manganese oxide, with evolution of ammotiin gas. 

Manganese Violet is permanent to light, safe iru nd- 
mixtnre with oilier colors and adaptable to all teehniciues, 
witlj exeeptioii of fre^set^ and st(U'^'(jehi'oni\\ in whieli ii 
is not compatible witli the alkalies present in these tech¬ 
niques, 

A teat for tliTs pigment is made by melting a sample 
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of tlie color in quoatioii with soda on a porceiain aisn, or 
on a platininm wire, when a bright groen molten mass 
of sodium manganato {Na^jMnO^) will he profluced, wliicli 
is soluble in water to a green solutitjn and whieh after 
standing for sonn^ time ehaiigeK to a violet color (Sodium 
Permaiiganati, t^aMiiH J, 

MARS COLORS 

MarpT Orange, liars Yellow, Mars lied, liars 
Violet* Mars I'nKVii 

The Mara Colors are artificial ochres, deriving their 
coIch' from the aiaj axifir of iroiK 

Mars Yellow is obtained by pi-eeipitating a salt of iron 
with alumina by means of cither caustic lime, soda or 
potasln 'j'he greater the amount of aluiiiiua einployjed, 
the paler the product obtained* 

Mars Yellow when subjected to calcination, yielfis* de¬ 
pending on the di^ration and degree of heat under which 
this is carried on, colors of diftVret}t namely Maiir 
Orange, Mars Red, Mars Brown, Mars Violet, etc. 

It is very important tba't tlie Mars Colors be thoroughly 
washed free from any soluble salts, after wliidi they, can 
be accepted as perfectly permanent (to light) color pig¬ 
ments. 

In mixtures with certain organic pigments Mars Yel¬ 
low and Orange sometimes exerelse an injurious effect, 
likely due to a combination of tlie iron hydrate with thft 
organic coloring matter. This tendency is more marked 
in tlie lighter colors, those of deeper hue, produced by 
higher calcination, showing greatej^ stability* 

Mars Colors are of recent introduction and possess 
no greater permanency or brilliancy of color than the 
best varieties of native ochres or natural iron-*rcds (see 
Ochres) with which they are identical in chemical and 
physical properties. 
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MAUVE 

Manve, Mauve 11 (bluish), Aniline Violet Lake, 
reddish and bluish; Violetto d’ anil, bluastro 
Mfilva; Violet d’ aniline bleiialro, Mauve; Vio^ 
lelii d(^ auiliiio, Malva 

In 1806 the Kiiglish chemist Wm. Perkins discovered 
the color Mauve accidentally, while cxperiiueiiting with 
Aniline, a colorless oil derived from Coal Tnr. Perkins 
Violet as sold as Mauvein, or Mauve, named after the 
flowers of the mallow* This color marked the beginning 
of the coabtar colorMndustry% which in recent years has 
develc>]j(^d, synthetically, an inconceivable number of dyes 
of every imaginable hue, most of which iiufortniiately 
are much too fugitive for practical application as coloring 
priiir'iples for ]>igments* (See Coal Tar Colors*) 

Mauve is of most brilliant violet hue, but very unsafe 
for use, rapidly fading when oNpnsed to dirori sunlight. 

Used in any technique and in mixture with many mctal- 
rjjc colors. Mauve will eventually fade and for this reason 
should not be used by the artist. 

Mauve IT is of more bluish hue* 

MINERAL GRAY 

A translucent, permanent pigmcijl of very little tinting 
strength, drying well as an oil color. Thebetter]>roduct 
is obtained from inferior varieties of lapis la^uH (genuine 
Ultramarine). Gangue (vein-stone) tinted witn Ultra¬ 
marine is often offered as Mineral Oray* ' This color is 
in but little demand, the same shade btung produced by 
mixture of Lamp Llack, Ultramarine and Zinc ItVhite. 

MINERAL YELLOW 

Casso! Yellow, Tunier.s’ Velh^w, Veronese Vellnw 

Oxyrhloridr or Basic Lead C/dorb/c—PbCb.TPbO, 

Mineral Yellow has come into total disuse since the 
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development of the much brighter Chrome Yellow, Min¬ 
eral Yellow iR also well known under the name Turners’ 
Yellow, named after its inventor Jas* Turner in 1870, 

Mineral Yellow can be prepared by melting litliarge 
together witli,salammoniac (ammonium chloride). 

When treated with warm dilute nitric acid. Mineral 
Yellow, is entirely dissolved to a colorless soliUlon, which, 
upon the addition of silver nitrate, will jueld'a white pre¬ 
cipitate 0 ^ silver chloride. 

Mineral Yellow is also soluble in caustic soda. When 
heated w'itli carbon, it is gradually cbiiverted into metallic 
lead, 

* 

Mineral Yellow varies in bun from a reasonably bright 
yellow to a dark orange yellow of considerable opacity as 
an oil or water color. Like all pigments containing lead, 
.Hul|jlmroiis gases nr (‘nmpfKiiids cause n decided discolor 
ation. Mineral Yellow is not to be ccnsideml perfiianent 
under exposure to light and air, 

NAPLES YELLOW 

Jaiine de Naples, Jaune d’ Antimoine, Jaune de 
Naples, dial In di Napoli, Amarillo do Napoles, 
Nef.pclgelb 

Naples Yellows c<aisi.st o.ssentiallvof 
-PbSbA),. 

Tbis^)iginej]t was originally ilioiight to he a nainral 
eartb, of volanic origin, reference to it being made in very 
ancient limes. Very early evidence of its use is found, 
as an enamel and on decorated pottery There is record 
of it being secretly maniifacturoH in Naples about 1760. 

'By prolonged roasting of finely mixed oxides of lead 
ami antinomy, Nafjles'YelitJws arr nhtaiiied, /flie ]nu‘.s 
vary according to the degree of heat and its duration. 
The lighter colors are produced at high temperatures. 
The addition of tin c^dde to the mixture, before roasting, 
will yield Naples Yellows of rich light yellow hue. 



d2 


AKTrsTti’^"iaMS!T5S 


Naples Yellow is perfectly permanent to light and pure 
Jiir^ very of little tinting Htrejiglli^ drying well 

in uil. ItH sensitiveness to ward snfplnir gases ami com¬ 
pounds renders it practical only in oil, in which technique 
it is protected by an oil or varnish film* Contact with 
metallic iron, tin and zinc causes this pigment to become 
gray* It therefore, advisable to use horn or wooden 
spatulas in preparing or mixing Naples Yellow*^ 
Hydroeliloric acid and nitric acid slowly dissolve 
Naples Yellow; the resultant solution is colorless, AU 
kalies also decompose? this pigment, 

Naples Yellows arc today mostly imitated by mixture 
of Cadmium Yellows, Pormalba, Zinc White, and Light 
Red or 'Wniofinn Rod to yield colors of excellent per- 
TTiaiiency and are to be recommended, especially in mix¬ 
tures, fnr tlieir durability, iu iiieferenee to the genuine 
Naples!: Yellow, 

NEUTRAL TINT 

Teiiite nentre, Tiiita neutra, Xeutndlirib^ 
ilixt.iires of Indigo, Black and Alizarin (hamson, used 
as an-oil and water color, of cbnsideralile permanence; 
sharing', liowevin’, i lack afisolnle i)crinan{'i]('y of its 
Indigo constituent* 

NEW BLUE 

Outremer clair, Oltromare chiaro, Ultramar claro 
{See Ultramarines,) 

OCHRES, NATURAL AND CALCINED 

Under the classification of Ochres we find fisted a 
variety of natural earths, the coloring priiiciple of Which 
is iron oxide (ferric oxide —and various iron 
hydroxides, 

NATURAL YELLOW AND BROWN OCHRES 

The yellow jyid brrjwn oebres derive their color from 
the presence of iron liydroxides* There are several iron 
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hydroxides, which exist as mineral species. The Yellow 
and Brown Ochres derive their color, pnijcijmlly from 
three of these, Yellow Ihrmatite, Xajftho.sulrriie —Fe^Ojt. 
II^O; Brown Hicmatite, 2Fo^():i,3IT^O and 

Bog-iron ort^ These ocljres are 

ehiefly composed of either or several of these iiydroxide's 
in varying amounts, together with more or less clay, 
also sand, chalk, gypsum, barytes and ^>misioijally sili¬ 
ca, diatomaceons in nature. This varying composition 
greatfy ijifiiionccs tlie color, tinting strengtli, opacity and 
purity of the ochre. The ochres •selected for artists’ 
pigments are chiefly from France, Italy, Germany and 
Spain, altho in almost every country ochres are to be 
found. The ochres with the lai'gei' percentages of iron 
hydi'oxides are more transparent and of stronger color 
than those, Avbieh crjiitaiii large amounts of clay or ofhor 
earthly sulistanoes making them opat[ue, dull* mid of 
weak ecdor, 

^\r1iticial ochres are ]irei>ared by pnW]»ijatioii <?r ir^ 
salts and xiiic or alumimim salts, with solutions of s#aa 

or limewater. The c<dt)n‘s*<d)lained bv this method are 

* 

called Mars Colors (Mars Yellow, Mars Brown, etc.) 
They are composed fu'inci|)ally of iron hydroxide, to- 
gidher with more or less alumina, Kine carbonate or 
chalk, and are for this reasiui usually more transparent 
than the natural ochres, 

Tl is liecessary to thoroughly wash and levigate natu¬ 
ral oclires before their use as artists pigments thereby 
washing the color free of sand and any soluble salts, 
whiyb^ would otherwise be of considerable detriment, 
greatly afTecting their durability as pigments. 

When pnre all ochres raiik liigh with the most durable 
and pei-manenl ingments. They liave bomj hi use since 
very ancient limes, in all painting techniques. 

Hydrochloric acid dissolves the inui from oehres 
yielding a'yellow sohitiou (iron chloride); the remaining 
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luuUfisolvod fiedimciit is comi^osed chiefiy of clay and 
other earthly aiihstaiiccs* Ochres to which dyes or lakes 
Imve been added to brighten the eoloi\ Tisiially bleed 
these admixtures in alcohol (to which a little ammonium 
hydroxide is added). The addition oY Ohrome Yellow 
is readily detected {see Olirome Yellows). Ochres when 
heated in a test tube should 3iot yield a tarry condensa- 
tion on tlie cooltside of the tube. Ochres slionld be in¬ 
soluble in boiling water, Hasic iron sulphates i\rc de¬ 
tected as ytat(‘d under Intiiaii Ked, page i){\ 

Mixtures of the natural ochres with organic pigments 
and lake cohu's are best regarded as of uncertain sta- 
hihty, the iron iiydroxidcs liavijig a teiahuicy ia rcaluee 
these Roloi's. 

Oelires i\rt} sometimes tinted witii Chrome Yelhiw 
(t.lirome Ochres) or fugitive yellow lake colors to en- 
iiaiice their line- Tins slujuld, at l>est, he legarded as 
an undesirable addition, very i t'adily/dTecliiig' tlic ]>er- 
-mnnciicy of tlie jiignierit, 

^Tlie Ycli<»w and Krowu tJclires afipear under Hie fob 
hawing names, Yellow Ochre, Ocre jaune, tlcria gialhu 
(Icre amarillo, Liclitei' (Jeker; Trans. Oolden Oehre; 
Oere d' or, f raus,; t >eria dorata ; Ocre de <u'o; tJoldo<‘ker; 
(Jrddeii tH'lire; Itoinau Ochre; ta-re tie Itoiiie; Ocria di 
K<)ina; Oere tie Koniu; Ocker roemiscli, thrown Oclire, 
Oxford Ochre, 

Raw Sienna, Terre de Sienne, Terra di Siena, Tierra 
de Siena is a variety of yellow ochre, wiiicli is ftJiind 
jirincipaily tii Toscany, Italy, It is ol' deep rich color 
and ditTcrs fnmi the ortiinury ticlirt^s in that it jiosscsses 
excelithmul tniosparcncy. 

NATURAL RED OCHRES 

The natural red ochres are id* siinliar composition 
contaiiiiiig a greater ]ici'centage of iron oxi<h% to wliicli 
is due their characteristic red colon 
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Like the natural yellow ochres, the natural red ochres, 
if properly prepart^d hy tliorough wasliiug and leviga- 
lion, belang to the moKt durable and permanent pigments 
for all painting tcThnhjues* 

To these cWors belong the genuine Indian Red, Vene¬ 
tian Red, Terra Pozzuoli, Terra Rosa, Red Chalk, Bole, 
Ruddle, Red Iron Ore, Red HBematite, Bolus and the 
Stnopts aad Rubica of ancient times, 

CALCINED OR BURNT OCHRES 
When natural ochres arc roasted^ the iron liydroxides 
Irjso tbi'ir wjtter nniteiit, lieiiig therehy converted into 
iron oxide, 

thereby causing a change of color from yellow to red, 
Tlie ditTereiit varieties of yellow ochres yiejd upon 
cu lei nut ion ]>roducis vn lying in cedor IVom ora^^gG-red 
iu dee]^ rrHl-hro\^ii, tlie resiiltuut line lieing also part¬ 
ly attecteil by the temperature durinjpf roasting, Thgj;, 
sliure tln^ ijennaTient. and durub]o propi-rties cd' the i^nc 
oehn^s in all l(rlnii(|ues*' 

The tollowing colors belong to the burnt ochres; 
Light Red, Brun rouge, Bjyuno rosso, Pardo rojo. Burnt 
Ochre, Ocria bruciate, Ocre brulee, Ocre tostado, Ge- 
brannter Ocker, Bt* Roman Ochre. 

OLIVE GREEN 

Vei l olive, \^o'ile oliva, Oliveiignien, 

Olive Ijake, Aliz, Olive Lake 
Oliye (Jreeus are obtained hy mixtures of several col- 
(jrs. Jlanufaeturers use different pigments to obtain 
this color, llie selectioy of which is governed usually by 
the purpose for which the color is intended. If the pig¬ 
ment should resemble a lake color, then such colors as 
the yellow lake.s, tie more transparent brawns and blues - 
are employed in pmper mixture. On the other hand 
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should opacity he more essential^ such yellows as the 
Chromes or Cadmiums, with Prussian Blue, Indigo or 
Ultramarine and Eaw Sienna will yield Olive Greens of 
good body and color. 

This color is best prepared by the artist *wlien needed, 
thereby controlling the exact comiposition of the mixture, 
to meet his ,requirements. 

ORPIMENT 

Kings Yellow, ^rscnic Yellow, Jaime Royal, 
Koenigsgelb 

YclloAc sui])}iidc of arsenic* Arsf^aoi^.K StiJphifir — j\s 2 Srt. 

At one time this pigment was used quite extensively, 
but has now come into disuse. It is described by Pliny 
in his “Naturalis bistoria/^ A.D. 77, and was also known 
to the -early Egy])tans. 

Kings Yellow is found native as the mineral orpiment, 
ill various countries, or can bu made artificially Ijv pre- 
tYjntaiioii, siiblinudion. 

Aitlio very Inillianl, riclr yellow line and jmsscssing 
considerable body, Orpiment fades readily on e'^posure 
to light and reacts in mixtures wifii pigments containing 
lead or coj>p<'r, to form tlie respective Idack sulphides. 
Also, witli Slid] eojru's as ritramai'ines, Ciulininm Yel- 
Irnvs, and tlie lion Uxidt^s il is unstable, ni'jjiment ow¬ 
ing to its arsenic content is very pnistnious, 

' Strong liydrocidoric acid, caustic soda or alkaline 
carbonates dissolve Orpiment to a colorless solutit)in 

OXIDE OF CHROMIUM, OPAQUE ^ ‘ 

Chroniic oxide, Oxyde vert ile clinune, Ossido 
di cramo verde, Oxido ^U\ cronitj verdc, Gruenes 
Gbromoxyd 

The g IT ell oxhle of (lironiinm, (!hr otitic Orith —CrnOa. 

This pigmunf was lirst iutiodueed dV \"aiujueliii in 17tl7. 
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It is of dull groen color varying iji line, depth and opac¬ 
ity according to the procesfi^ wot or dry, and conditions 
under which it is produced. It is generally of good 
opacity, very stfjlde and inert hi mixtures and exception- 
ally permanSil in all iiaioting tcchnifiues, and employed 
as a vitrifiahlc pigment in (ho enameling pottery. 

Acids, alkalies, sodium sulphide or hj^drogen sulphide 
no not affect this ]ijgmcnt, 

JliKtares of Cljnjme Yell(jws and Prussian Bine, or 
UitramariiLc, arc uiih>rtunately commonly to he found* 
offered as ('liromc Ciroeiis, These mixtures hear no 
comparison with the tru^ oxide of chromium greens in 
physical and eliemical proiierties. 

OXIDE OF CHROMIUM, TRANSPARENT * 

* 

Kmcnnide (Ircen, Viridiau, Vei t emorande, Vbr- 
de smeraldo^ \>rde esmeralda, Veuriges Cliro- 
mo\yd, (jiiignct (ii'cen, Emei^ahi Oxide of <^lir 
mium, Paiineticrs tii^i'cu, Mittlers tlrecii 

UkfdruU^fl f7/roj>^/r o.r'dc— 

Ahoiii 18'U, Pannetier pi'o^lnccd hy seci'ct process "a 
\ery hriiliaiit riiroine which several years later 

was manufaclvred hy the patented process of M, (riiignet, 
whose method is still in use aiul l>y whose name tliis pig- 
ment ii^also known. 

This pigment is produced by thoroughly mixing anti 
calcining 8 parts of horacic acid with parts potassium 
fiiclironiate. treating t!ie resultant fused muss of green 
coltflvwifli cold wafer, washing Ijy decantation, grinding 
while wet, thoroughly wasJung with hot w'ater to free 
fnim any soluhlo salts*(]KjfaRsiiim iKirate) and then care¬ 
fully drying* 

Oxhie of flironiium, Transparent, is one of the most 
desiralile piid valwahle pigments for the ^artists palette, 
of excellent tiiitiiTg' strength, color depth, beautifully 
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1 ranspareiit, cliii'able aud inalterable in all painting tech¬ 
niques ajid ill mixtiiros with other pigments, also nnaf- 
Tected by sidpliiTrous gases, dilute acids or alkalies and 
perfectly iiormuiiont to light, 

.Transparent Oxide of Olirominm slicTnhl* not he con¬ 
flicted with transparent Olin^me Groens, produced by 
admixture of Prussian Ph*e with certain transparent 
yellows, as theses* latter do not share in any d^ree the 
permanency of the former. 

BLUE GREEN OXIDE AND GREEN BLUE OXIDE 

In recent years very permanent and hrilliant bine 
green pigments are produeciPby stnmg calcination of 
Chromic Oxide—(■!/)„ AInnumim oxide—and Co- 
haltfms Oxide CoO. 

The greater amount of Chronue Oxide present will 
]irodiu‘t^ a inoi'e greenisli-hlue line. If grouter ([uaiitity 
of Aluminium oxide and Cohalt are added to the mix¬ 
ture, tlie vjeld will*be of more bhiisli cotbr. 

^ijheso pigments are also absfdntely ]iennanent to 
liglij, niiallerable uiul durafile^ in, all jiuiiitiug techniques, 
unaffected by alkalies or acids and have no action on 
other* pigments in mixtures. 

PAYNE’S GRAY 

Gris de Payuo, Grigio di Payiu^, Oris de Payne 

lA color prepared principally fi^om Black, Alizarin 
JIadder and Indigo, ust^d only in oil and' water color 
painting, 

Pa.^nn^’s Gray, like Xeutnd Tint, is pn'pan‘d liy.wiri- 
oiis color manufacturers from different constituents and 
where permanent and durable pigments are employed for 
this niixtuVe, a color of good stability is obtained, Mix^ 
tures or Ultramarine, Ochre and Ivory Black or Davy's 
Grey (Slate GreJ ) yitdd a very ilependable Payne's Gray. 
It is host jirepared by the artist, wltoa-aJi then select his 
pigment to meet his reqniremeiits. 
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PEACH BLACK 

A variety of Carbon Black of strong color, comparing 
in physical and chemical properties to Lamp Black. 
Like Lamp Bltirjc, it in permanent in all painting teeh^ 
niquGs and be safely used in a mixture with (dlier de¬ 
pendable pigments. 

PERMALBA 

A tme composite lugmeiit ecuisistlng essentiully of a 
rompoiiiid of Jlariiim Kulphate. 

Permulba is an Artist’s Permanent White introdnceil 
by F. Wel>or t'Ompany pf Philadelphia, after having 
undergone exhaustive laboratory and [practical tests, re¬ 
garding the unusual chemical and pliysieal pi'ojjertiea 
common to this pigment. 

Permallia is absolutely i^ermaueot to ligld, rcinatning 
unoffected upon exposure to impure air, dam)mess and 
gases; is the mt^t opaque white pigment with greatest 
tinting strength; will not discolor with age; is cheir.v 
cally stable and inert tow^ards any <dlier ])igmeuts in iflix- 
tures; is not acted upoif, or does imt react witli any ve¬ 
hicles dr mediums employofl in any jjuinting teeliuiqtiv; 
docs not contain any lead or zinc; is nrm-toxic; is acid 
and alkali resistant and is not discolcoTfl hy sulphui' 
gases or siil])hur compouiuls; yjehis tints of exceptiouni 
brillituicy and true color value w'hen mixed with any 
color; Withstands liigh baking tomperahire without de¬ 
coloration; photographs w'hite and is not acted upon, or 
altered by the actinic light rays. 

P^rmalba Avhen gi'oiind in the purest oil, yields upon 
oxidation (drying) of the oil, jfn clastic him, with no 
tendency to crack or become homy or brittle, 

Permalba is sold as an artist's oil, xvafer, tempera and 
pastel color and is rapidly displacing other loss durable 
w^liite pigments oji the artist's palette? where perma¬ 
nency amf durabilUw are of first oonsidoi^tion. 



100 AHTJJSTS * PIGMENTS 

PERMANENT GREEN 

Y«rt poi'm,, Vei'dc })crm. 

Permanent Oreeiifi arp mixed eoltn-s jirepaved by vari- 
<ai>s manufadurprs frtmi a seleoUou pcj‘mancnt 
ifieiits \o <d)tain ^ropnx of diiferent Imps. Utsually tlie 
jnm\ durable yellow aiul blue pi^npidii are einjjloyed in 
varying!: amduiil^ to ]>rodiic'e a light, metlirim and deep 
Periiunieiit Greein The Oxides of t'hrominm, Transpar¬ 
ent or Opaque, are best used In coiijunetion with per¬ 
manent yellows or bbies* 

PERMANENT VIOLET 

(See Manganese A^iolel) 

PERMANENT WHITE 

Blanc' Fixe, Baryta White, Constant White, Schwers- 
patweiss, Barytes 

^Uarium 

Obtained by grinding I bo minond heavp spar (natural 
sidpliat(‘ (if liarinni)* lU' liv j>i*{‘<'ipitali<iii nf a soluble 
Itfirium salt with snlidairit- ueid (or with any* solulile 
sulpbate salt)* A miieh finei; and ]inv(‘r jusiduet is o)i- 
taiiiefl by preeiiiitatnai, wliieli \dipij tlinroiiglily washed 
ami dried, <'(ins1itiitps ntie of tla^ most ]ierinaii(ml and 
uiuilterablp jngniputs. 

, Unfortunately Barium Sulpliate, na an oil color, liaa 
very littb^ covpjuiig and tinting powpi' aiid’ls, tliprpf(nx\ 
more frequently used as a water color. 

Owing to its high sped lie gi'avity and lack of opacity 
it is very often employed as an extender in heavy paints, 
greatly increasing the weight apd reducing the color 
strength of tlic paint* 

Many organic dye-stiifTs are pnxiiiitatcd on Rarinin 
Kulphate to form the respective Lake tVdors, 

Barium Sulphate is an important simstitueht of Lith- 
♦opone. 
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Permanent White is insoluble in acids and alkalies 
and can be heated to glowing without undergoing change. 
This fact is made use of, *in its detection, as it will al¬ 
ways remain as an insoluble residue in acid or alkaline 
solutions of>igiTiciits. When heated with carbon, Per¬ 
manent White is converted into barium sulphide, which 
if then moistened witli liydri^dilorie acid will evolve hy¬ 
drogen sulphide. 

PRUSSIAN BLUE 

nieii d<! Pi'usse, Bleu di Prussijy AkuI <Ie Pniwia, 
PreiisHiMcbbhui, J^aris Blue, (Uiinese Blue, Milori 
Blue, Bj'onze Blue, Steel Bine. Mineral Blue, 
American Blue 

Fvvnv /^Vo yya /yfn/o/e—KeJ Ke(t'X,:) |:t. 

Prviswiaai Itliie. wliieji was tliscoveied in 1704 bv Dies- 

^ I ■ 

bach ill Berlin, is a complex compound of iron and cy¬ 
anogen. (hianogpu is composed of Varbou united with 
nitrogen^PN—and is known to ronsritute one of tbe 
most pow'ort'ul })oisoiis, when in the simple compoiwid 
KCN,' Prussian Blue is, however, 

non-poisonous. 

Wlieri srjliitiojis of iupstiUtfr of ffot/fsft ( 

n^it ami iron (Iptrir ,cults) 

are hr<mght together (kee|mig the iron salts In excess) 
Pmssiaii i^lue (fei'ric fenocyaiiido) is formed as a deep 
bine iriJ^filiible inecipitati*. If <ltiring i)recii)ilatioii the 
pot.iissiiiiii fenajiyanlde is ke]il iit excess, a deep blue pre- 
eipitato is also formed which is soluble in water. This 
CfJm^ouiid is composed of iron, cyanogen au<l potassium 
tuid is* Soluble Prussian Blue. 

By treatijLg the iiisoliihle Prns.sian Blue with Gluuhpr 
Saif (Sodiuiit suli>Jtatf J arid ().ta!ir Arl^l a soluble Prus¬ 
sian Blue is also obtained. 

FeiUfiiis salts, for instance iratt rifiiul fltmtac cal- 

* 

phaff) and prllow iirjissutte of poifffih form a white pre- 
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cipitatc, which when cx]ioBed to air, or if treated with 

Nitric Acid, is oxidized, tJierehy developing PruSBian 

Bine. Owing to the clieapncsfe of iron vitriol (copperas) 

this method is nsunlly employed for the commercial 

mannfaeture of PniHsiaii lilno. 

« 

Chalk, Gypsum, Clay, Starch, etc., are often added to 
Prussian Blue as adulterants and also to lighten the col¬ 
or and waken its tinting strength, an exampl^ of which 
is Antwerp Blue. 

Prussian Blue is a very Irauspareiil vo\m* of poworful 
tinting Rtrcnglli. 'Jlie best varieties are uisoliible in 
water, of exceedingly liard sj.nictnre, leaving a bronzy 
appearance when dry* 

Prussian Blue, when thoroughly pure and washed free 
of any sain hie salts, can be considered among the best 
]>igmeiik!, altliougii as a water color, if e\pose<l to direct 
sunlight, it shows tendency to fade slightly, hut re- 
gaiufi its farmer depth if ]>laeed far a*tiine in tlio dark, 
^PniRsian Blue can he mixed with practically all diir- 
iibTc pignienls, excepting tliosc of alkaline character, 
w'hictf tend to destroy the color, 

' i^yes (caustic sofla oj' ]Kijas]i) decom]jnse Prussian 
Blue, yielding ]jotassiiim ar Sfulinni fcrrocyanide in so¬ 
lution and red-lmnvn ferric hydroxide af* insoluble resi¬ 
due. If this alkaline solution of potassium or sodium 
fcrrocyanide is hltcred oiT and then treated xvitji liydro- 
fhhu^ie acid and iron chloride then added, Prussian lilue 
is again formed (detection of Prussian Blue). 

Owing to its sensitiveness tOAvards alkalies, Prussian 
Pdiie cannot he rmphiy^'d in fresco or mineral painting. 

Weak Acids do not affect Prus,sian Blue. 

By roasting Prussian Blue it oxidized to brown iron 
oxide and is known tlieii as Prussian Prown, 

Solutions of jred prussiafe of potash (potassium ferri- 
—I\;.1V{OX)g— wlien added^lo solulions of for 
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rous compounds, yield a blue insoluble precipitate, fer- 
tons Ke;i[Fo(ON)rt]M Tumbuirs Blue. 

Blue PrintR owe tbeir c^olor to tlie formation of Turn- 
bull's Blue. 

PURE SCARLET 

Royal Scarlet 

Mercitrir Hglj, 

This jj^gmeiit of opaque, beautiful Rcarlet-vermilion 
hue, ijS useil priaeipally as a water color, hut is rapidly 
coming' into disuse, owing fo its lack of cveji reasonable 
pemianeucy. It is jjrepared by ilie double decomposition 
of solutions of nuu'euric (ililnride and i^otassiuni irjdide, 

l^ure Scarlet is entirely soluble in a solution of potas¬ 
sium iodide (yielding a colorless solution)* 

• RAW SIENNA 

Tei'i'c de Siciiiie, Terra di Siena, Tierra de Siena,* 
Tioiie'Sienna 

A iiafiu al \'ariety of Ocl]n^ 

liaw Sienna is a very richly colored variety of Yellow 
Ochre, obtained ])iiuciphlly from Toscany. The earth is 
carefnlly selected, gioand ajid waslied aiJ<l is llieii offered 
as a pi^niK'ut r)f considerable traijs|)areney and color 
strength, working well as an oil and water color and 
equally well in otljor painting teclniifjues, having the same 
(diemical and iifjysical ]n'0[)erties and absolute penna- 
ncnc^^as all (dher pigunnils, comnum jo the ocfires, 

.The large ])ercentage of iron hydro.vidt'S present in 
Raw Sienna produces the rich transparent yellow color, 
for which this pigment has been prized by artists since 
ancieiil times* 
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RAW UMBER 

Cyprus Umber, Turkey Umber, Terre d’ ombre, 
Terra d' ombra, Ticrra de sonibra, Umbra 

A variety of ochre obtaining its color from the presence 
of iron hydroxides and tlie oxides of mAngtfiiese, 

The better kinds of Umber are native of the Island of 
Cy])nis, The native earth is waslted, finely ground, 
levigated and after thoroughly drying, constitujes one of 
the most durable and permanent pigments, adaptable to 
all painting techniques. 

Raw XTinlwr does ifot react with other pigments in mix¬ 
tures. True Umbers are insoluble in alkalies. 

When roasted or calcined the iron liydrtJxides lose their 
water constituent, being converted into red oxide, the 
pigment is then known as Burnt Umben 

Wheu,Umberfi are treated with warm hydrochloric acid, 
chlorine gas is evolved, easily recognized by Its character¬ 
istic disagreeable and piercing odor, 

REALGAR 

Arsenic Orange 

Realgar (like Orpimnit—A^.H^.) is a sulphide of arsenic 
of orangisred hue. Also like Orpiment it is an unstable 
pigment in mixtures, very poisonous and not permanent 
to light, soluble in potassium sulphide, and sodium bi- 
E a r bon ate. 

Realgar was used in very early times as a pigment and 
mentioned by Pliny, A.P. 77. 

RED LEAD 

Minium, Orange Mineral, Saturn Red, Paris Red, 
Rosso di Saturno, Minio, Monnige 

A bright VQiVojifJe of Plv^O^,. 
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When litharge (load monoxide—PbO) is htfated in pres¬ 
ence ot air, it gradually oxidizes to tlie higher (^xidc’— 
Pb.j 04 —known then as Red Lead, 

The finest variety of Orange Minora! is obtained by 
cnrofidly heatinj^pure While Lead, whieli is Ihorohy etni- 
verted into Litliarge and then into Rod Lead, 

Red Lead in dry powder form, soon turns black upon 
exposure to light. This darkening is jjerhaps due to a 
redtiotioDisf the rod lead to load monoxide and dark brown 
lead peroxide =: Pb-^O^i^PbO + PbO^. This reaction 
is not produced 1 m' oxidatioTi, as it will c^cciir in a vaounm 
tube exposed to light When the pigment is gnmnd in 
an oil or resin, this darkeni'^g does not readily take place. 
As an oil color, Red Lead is fairly permanent to light 
Like all pigments containing lead, it is very sensitive to 
snlphurtais gases (eharaoteristic formation of Idaok lead 
sulphide). When ground in liiisood oil, Red Lead 
hardens readily, yielding a quick-drying color* Owing to 
its exceptional cohering and weather-resisting properties, 
it is used frequently as a heavy-paint for nnderpainting 
on metals, as a protection;igainfit rust. 

Mixtures of AVhito Ijead and Orange Mineral fade?upon 
exj>osinv to light. Certain other colors, Oadniiiiin VeK 
low, etc., are readily acted upon by this pigment. 

Upon strongly heating Red TiCad, oxygen is given off, 
with Ljrmatitiu cjf reddish-yellow litharge — 

PliA ^3Pb0 + 0. 

iUlnte X'itne Aeid decomposes tins pigmi^iit to lead 
nitrate (in solution) ami dark browm lead peroxide. This 
reaction yielding the dark brown jieroxide, distinguishes 
Rgd Lead from pigments of similar color, .wh as Ver¬ 
milion, Chi^onie Red, Ciy.lmium Red, etc. 

Red Ijoad was known to the ancient Romans and Greeks 
as Minium, hitin for vermilion. Vitmvius and Pliny both 
make reference to it. 
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REUBENS MADDER 

A hike of heautjful or^lTlgO‘hro^^l hue, jjrepurod from 
ihe Madder nad. Ijately iH>efter and move ]>erTnaneiit 
product is obtained for tlie (-oaldar ali/ariii* 

ROMAN OCHRE 

A variety of Tiatural ocherous earth, scloetcd^ for its 
high color value and possessing the permanent and dur¬ 
able physical and chemical properties of the ()chre^i. 

ROMAN SEPIA 

A mixture of Se])ia and Burnt. Rieima, to obtain a warm 
sepia hue, with ehemiea] and pliysical properties common 
to Mepia and Bt. Sienfia, 

ROSE CARTHAME 

The coloring [n'incipal of this transpai'cnt briliiiiat lake 
(^n\ov is derivative of (’onI Tar. It is a modern pigment 
with good penuaueiicy to light, with cliemieal and physical 
properties common to tlie lake pigments. 

ROSE DOREE 

A variety of Bose bladder of mort* sj-arlet line, pos^ 
se&siiig the pliysical and clieniical characteristics of the 
Madder Lakes. 

ROSE PINK 

A fugitive lake of dull rose-red color prepared from 
Brazil w<md, insuffici<*nily jannuaneiit for artists' iisi', 

i 

ROUGE 

A variety of /cy ^vV oxitJr - 

Obtained by calcining ferrous sulpliafe. Used as a 
metal polish and piginenl. 
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SAFFLOWER RED 

vegetale, liojo vugetal, 
Kaffloi^rot 

A nio^lern hike |ji^?nieut of ^oot] ^jennunejjcy 1o 
the colnriji^i^ principle of vvJiidi is derived from coaMa^;. 

The true Safflower Red is ohtaiued from the dried petals 
of Carihmms iiiuioriffSf uattve of Asia j^nd cultivated in 
most othoi' countries. 

Safflower contains two colorin^j: principals. Safflower 
Yellow, solnhle in ^vnter and Safflower Red, also called 
Rose Carthame, only sli^(htly soluble in water. A's a dye, 
Safflow^er Ee<l is fug'llive aiul expensive. The modern de¬ 
rivatives of coal-tar, yield lakes of much greater per- 
manoijcy and siniihirliae. 

SAFFRON 

Crocus 

A bright yellow eldained from tlie salTron jjlant, Cyor,./; 
snfirii:<j native of the Orient Saffron is principally used 
today coloring for confectionary, 

SAP GREEN 

A'ert dc vessie, \'enle vescica, A'enie vejjga, 
Saftgrueii 

An JiisfdsHaled {‘xtract of miripc hiicklhorn lierries, of 
dark yello\v-gree]i hue, not vciy pennarieuf, readily imi¬ 
tated ill hue hy the more pernianent coal-tar lakes. 

Tme Sap (Ireeii is only used as a water color, not w ork¬ 
ing well as an oil color, anti is valued as glazing color, 
being very transparent.. 
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SCARLET LAKE 

Laquc feirlato, Lacea ftearlatta^ Laca esearlata, 
Seharlftchrot 

Scarlet Lako, like Criinson Lake was formerly prepared 
from cochineal {see ("amniie) in the same rifannor as Car¬ 
mine Lake, but this color is imitated, in hue, by the 
mtideni pernianjuit Alizarin Madder, toin^d witli a ])er- 
maneiif yellow to obtain a scarlet line, and asiSiich is a 
very desirable trans])arent lake, with considerable per¬ 
manence. 

SEPIA 

Sepia is obtained from certain species of cuttle fish (or 
ink fisli) Svpiu offiriaaVts, S*'pia loUffn, etc*, eommon in 
the Mediternineau sea. The sepia fish have a peculiar 
glafid, \vhich secretes a deep blackish-brown fluiil, used 
by the ftsli for purpose of defense, its escape bid up: facili¬ 
tated when the surioundinp^ water is reiiderud ojuique by 
l,he dark fluid, " 

The ink hap: is carefully dried, dissolved l)y alkalies, 
whiclioiily dissolve the color, It^in iiJjLf ajiy inirtieles of the 
skin of tbe hag midissolved and after filtering, the color 
is pVccipjtated upon the additifui of acid {usually hydro¬ 
chloric acid). After tiiorouglily washinjy and drying, it 
yields a pigment of considendde color strength, with 
good permanency to light and durability in mi>'**n'e with 
-other stable pigments. 

The chemical composition of Sepia is’not gimerally 
known, its solubility in alkalies ^md iirecifutation by acids, 
gives it the charaeter qi a weak organic acid, ' ' 

Solutions of Sepia in ammonia water or alcoliol are 
sold as Liquid Sepia, Sepia is iiu oluble in water. 

Sepia irf only used as a water color, mixtures of Hi, 
Umber, or Vandyke Brown, with LamiJ Black arc used 
in oil to imitaW Sepia, 
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Sometimes Umbers are used to aldutorate Sepia, Tvhicb 
are usually detected upon calcination. Tlio Sepia, being 
organic, wilt leave but a trace of ash, the earthy umber 
being unatfected. 

Warm Seplii, Roman Sepia and tinted Sepjas are varie¬ 
ties of mixtures of >it. Sienna^ Ali/anu Madder, etc*, 
with Sepia. 

SMALT 

Zalfre, Royal Blue, Kiiig^s Blue, DumoiitH Blue 

Kssentially a .nlirafr of poftfs^itna anfJ cobalf. 

Smalt is the oldest of the blue cobalt pigments' having 
been discovci'od about the ihiddle of the sixteenth century 
by the glass-maker ('liristiau Seliuercr in Bohemia. 

SmaU is a (.'Obidt glass, which is obtained by fusing 
cobaltous oxide together with potash and siliea, producing 
therehy a deep blue colored glass, which is tlieu finely 
ground and washed. The degree of hneness to which the 
pigment is ground, produces paler hues. The rougher 
llie pigment, tlie <h'eptM' the blue, hut the very eoanse- 
graiiied product is unsuitable as a pigment. * 

Hnialt has little covering power, is weak in tinting 
strength ami is reacted upon by moisture and the carbonic 
acid present in the air, becoming lighter and more gray 
in color. 

Smalt^s partly soluble in hot hydrochloric or sulphuric 
acid {with yellow-green solution) Init only slightly reaeteti^ 
upon by cold hydroclilorie or nitric acid. Caustic alkalies 
do not aiTeet smalt 

Snult differs from Cobalt Blu^ in that it fuses to an 
almost bluc-blaek glass bead when strongly heated. Acids 
detect Ultramarine, gypsum or clay, as adulterants. 
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TERRE VERTE 

Green Earthy Terre do Veronc, Veronese Green, 
Veronese Earth, Terre verte, Terra verde, 
Tierra verde, Gmenerde 

, A natural earth pigment of ochre eharaeter, varying 
in composition, in eonscquence of which some Terre Verto 
pigments differ jn hue. The host variety, of deep olive- 
green color, is found at Monte Ealdo, near Venona, from 
which source it obtains the name Veronese Green or 
Veronese Earth, ^ 

Terrd Verte is a product of natural disintegration of 
certain minerals and is composed generally of the sili¬ 
cates of injo and ot.licj' elements, Tlie inm silicate is the 
coloring principal. Tiie best varieties are selected, 
treated with dilute hydrochloric acid to i-einove any cai' 
cium carbonate (whiting) or ochre and after thoroughly 
washing, arc ready tfor use. 

Terre Verte is- a very dependable pigment for use in 
dil^and water color painting. It is scmi-c>i)aqiie and of 
weak tinting strength. Some varieties of Terre Verte be¬ 
come discolored (of rust color) wlien used with tlie cai- 
tduiK hydroxide employed in true fresco painting (forma¬ 
tion of iron hydroxide), ' , 

When ealcined, Terre Verte is convortc^d into an ochre- 
brown color, whicli is tJien knowm as Burnt Terre-Verte, 
and as such is a very permanent ajid durable pign.ent, 
Terre Verte is sometimes imitated or adulterated by 
mixtures of Yellow Ochre and Prussian Blue, Alkalies 
destroy the Prussian Bine in such mixtures^ turning same 
brown in color, Wattv, alcohol or weak ammonia water 
is used to delect the addition of dyes. Ammonium hy¬ 
droxide will turn Torre Verte blue if any copper colors 
have been used to brighten the color. Green Ultramarine 
as a substitute fur Terre Verte is readily detected by hy¬ 
drochloric acid, with formation oC hydrogen sulphide. 
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TRANSPARENT WHITE 

A gelatinous transparent mass consisting of alumina 
ground in oil, used only to oxtend or reduce the tinting 
power of lake colors- 

ULTRAMARINE 

Tjapis Lazuli Blue, Bleu d’ Azur- Outremer, 
Oltrepiare, Ultramar^ Lasurstein, Ultramarine 
Ash, (^entire d’ outremcr, Cenere d’ oltreinare, 
Oeniza de Ultramar 

The stone Lapis Lazuli from which the genuine Ultra¬ 
marine is obtained, was ku«wn to the Homans and Grec- 
iaiTs, as fSaphir {Happhirc) but mention of its use as .a 
source for the ])igment, dates between the thlrfeeutb and 
f(mrteenth centurv- The finest varieties ()f' Lapis Ijftzuli 
are found in Til)ot- If also comes, varying in purty and 
eolon fj'oni Sj))cria, PcM'sia and China, 

The natural Ultraniarino is usually found to have gold¬ 
like spi'(‘ks, coNMiisi iiig of UeS^, ( Foajs^ ffoht ) 

scaltered t]in)tiglio[jf tlie mineral- 

The mineral is essentially composed of silicon, alumi- 
mun, sodium, sulphur and oxygen. The molecular con¬ 
struction (cJieniical fornmln) of the compound is not 
definitely knowj], Tt is a most peculiar fact, that such 
a slrojig color should he produced froin a compound of 
ehunent.rwliieh of themselves have no color {with ex¬ 
ception of sulphur, whicli is vpIIow)- 
The metho<l of extracting the blue color from the stone 
consists in selecting the jiurest pieces, which after having 
been lincly ground, levigated and washed, are kneaded 
toftother in the form of a dougli {with a little wax, rosin 
and linseed oil) in a wobk solution of potasli or soda lye. 
The finest particles of tlie color are withdrawn by the 
alkaline water and settle out when left ^standing. The 
dough retains the'foreign mineral substances (gangue). 
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The secOEd and consecutive extracts from the same dough 
become more gray in color, the first extraction is of the 
purest and deepest blue color, the last extraction, blue 
gray in color, contains much gaiigue and is the least 
valuable. These last extractions are knowR as the Ultra- 
itlarine Ash. 

Genuine XHtraniarine is permanent to light, moisture, 
unaffected by hfdrogen sulphide and stable in mixlnre 
with other durable pigments. Its chemical properties arc 
similar to those of the artificial ultramarines. 

ARTIFICIAL ULTRAMARINE 
* 

French iilue, Freuch Ultramarine, New Blue, 
Permanent Blue, Oriental Blue, Gmelins Blue, 
„GuiuieFs Blue, Bleu d' Azure, Ultramarine Red, 
Ultramarine Violet, THtrainariue Green, Silver 
Ultramjijririe, Ultramarine Yellow 

^ A blue substance iiotict^d in 1H14 as a blue coloration, 
accidentally produced in the soda furnaces of SI. Gobian, 
France, was subse<iueiitly shown to be identical to the 
lapis lazuli bine in chemical anti physical properties. 

In the year Wld Guiinet in France, discovered a method 
for artificially preparing ITItran^aririe and was awarded 
6,000 francs by the Soende (V Fncourageineiit de France 
as a prize for devising a method of artificially ]>roduci]ig 
ultramarine for less than M) francs per kiltV^rammc. 
Contemporaneously Ginelin of Tuebingen ulso publisbM 
a method of manufaeture. 

The tlirt'e principal Ultramarines are the Soda Ultra¬ 
marines, low in sulphur content and of pure blue color; 
Soda Ultramarines, high in sulphur content, of deepest 
blue color, with reddish tinge and having the greatest 
power of resisting alum, in consequence of the high silica 
content also prf'sent; Sulphate Ultramarines of greenish 
tinge and the p^ilost in color of theull^'amarinet^ and weak- 
^ ost in their power to resist solutions of alum. 
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The soda ultramarine is prepared by finely grinding a 
mixture of sodium carbonate, china clay or clays of 
similar composition, sulphur and a small amount of car¬ 
bon, in tliG form of charcoal, pitch, colophony, etc,, and 
strongly heating in closed crucibles or muffle furnaces. 
The blue formed directly in tliis process varies in color 
depending on tlie aiiiountH of sulphur and silica, which ‘ 
yield deeper and more reddish ultramartnes when present 
in larger amounts. 

In ijrdcr b) firodiice tlic suipliale iiltrarnaiines a mix¬ 
ture of stHiiiim siilpliatc ((ihniher's salt), chinajlay aud 
carbon areJicated to glowmg; u reduction of the sodium 
sulphate to sodium sulphide is brought about by the 
carbon, and a com])ound of green color is formeth Tliis 
is known as Ultramarine Green, Tliis Ultramarine Qreen 
is then tlmrougljly washed, after which it is agaiij roasted 
in a regulated air supply with addjtion of siiliilnn^ be¬ 
coming lherel>y ^^radiially converted into a rich blue color, 
identical to the soda ultraniariiies, 

Carefully prepared piire Tiltnimarine Blues ranlc as 
most ponnanent and durable pigments. Geniiine'Ultra- 
niiirine is sligliMy mure tiaiispai'ent as an o\\ I'olur, Ihaii 
the artificial ultramarines, hut otliorwfise next to impos¬ 
sible to distiiigdisli chemically, from the decidedly less in 
cost, artificial product. 

The cptmnicrcial acid-proof ultramarine is not truly acid 
resistant, but gets this name owing lo its property ot 
resisting the action of alum, due to an excess of siiica in 
its Alum in sulutioii sliows acid reneliun. 

This property comes into coDsi<teration where the blue 
is used as a coloring for paper, sugar, fabric, soap, etc. 

When ultramarine in oil is applied in heavy.application 
(impasto) some varieties show a tendency to go blind, 
becoming gray in color with age; this Js knowm as the 
** ulfravi^rive This phenomenon is fortu- 
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nately very rare and never occurs when white has been 
mixed with the ultramurmes* 

Ultramarine is an nbsolutclj^ permanent pigment under 
all conditions of paintingj pcrf<K!tly fast to light and air, 
stable in mixture with all other durable pigments (dis^ 
cdloration would show one of the pigments to be impure 
* or improperly washed). 

Weak and strdug organic and mineral acids, except 
carbonic acid, readily decompose ultramarines, destroy¬ 
ing the color with evolution of hydrogen sulidiide. Al¬ 
kalies h;^ve no actioiron this pigment. Alum reacts more 
readily on ultramarines with low silicate content The 
color is not readily destroyed^)y beat. The addition of 
dyes to brighten tlio color is rezidily detecteil by shaking 
a saipple of the pigment ^vith water or alcohol fhe ultra¬ 
marines J)eing insoluble. Caustic alkalies will discolor 
ultramarines to bro\jnish hue if Prussian Blue is present. 
Ammonium iiydi'<y\ide will jn-fubiee a #blii(^ solution if 
copper blues are ]jresejit. Gypsum, barium sulphate, 
chalk, diina clay, magnesium cjjrboiiate, etc., are some¬ 
times added to cheapen the product, which may .greatly 
reduce the tinting strength of the color. 

Ultramarine Voi^et and Ultriimarine Red are obtained 
by treating the l)hie pigment with sal amntoiiiac and dry 
hydrochloric acid gas at a high temperature. Properly 
washed, these colors form peniianeiii pigmeiiii;, how- 
eVer, of no practical commercial value. 

The ultrajiiarine red is converted into Ultramarine Yel¬ 
low when treated with JiydrochJoric acid gas, «Tt tempera¬ 
tures above G, Ytellow Ultramarine—Silver Ultra- 
marinc~is also obtained by replacing flic sodium cort- 
stituents ofyiltramarino, with silveV, Jf instead of silver, 
other clemenfs are used, ultramarines of various colors 
arc obtained, hf;.^with zijjc a viohd; polassiuiii ov lithium 
a blue; barium u yellow-brown : niaii^nesc a gniy. The 
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sulphur constituent of the ultramarine may also be re- 
placed by selcniiTiu uy telliirinm, fonnlngbrown and violet 
ultramarines, Tliese compounds aroj however, useless as 
pigments. 

The finest varieties of Ultnmiarines were formerly ob¬ 
tained principally from France, but in recent years tills 
pigment has been developed in the United States and un-' 
equalled in pur ity and color by my of tll^ foreign brands, 

VANDYKE BROWN 

Cassel Fartb, tVssel Brown, Cologne Earth, 

Terre casse), Bruno V'aiidyck, •Pardo V^anJyck 
These colors are all iif^tiiral earlli ingmenls, which, 
coming from various localitit^w, differ nccordingly in color 
anrl coinposition. They are all essentially composed ol 
liiluiniiious mailer, eoiise<pieiitJy of organic origin„con- 
taiiiing alst/ a pe reel it age of iron oxides and othey {'artliy 
substances. Ahindyke iirowii is considered to he a kind 
of deconijKised, earlliy lignite, receiving its name as 
a pigment after llie famous artist, wlio was iiartieulaily 
partial to the use of hrownnS in his pictures, * 

The gcnej'al emniiosititin of \biudyhe Brown iftay he 
said to lie about: 

^0 jKu* t^'iit, organic matter and moisture. 


120 per Wnt. mineral matter 


Oxhle of fron and Alum¬ 
ina 

Carbonate of lime 
Insoluble siliceous mattei 


Vandyke Brown fadi^s upon exjaiwnre to light, de¬ 
veloping thereby a cold gray tone* this taking place more 
rapidly when used as a water color lhan an oil color, in 
which latter vehicle it is slightly soluble. 

This color lias litlle t'overing power and is a slow drier 
in oil. 

When heated in t^^st tube a tarry sublimate is pro¬ 
duced, leaving a charred residnj. 
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When calcined in presence of air a residue of reddish- 
brown gray Hsli remaine; showing considerable loss ol 
weight by ignition (contrast true Umbers)* Most of the 
organic constituents of V^andyke Brown dissolve in caustic 
alkalies, to a deep brown solution* 

' Many pigments are offered today on the market as Van¬ 
dyke Brown, which are varieties of dark brown iron 
oxides, or calcined brown ochres and as such, of course, 
are very desirable colors for permanency and ithrability, 

. VERDIGRIS 

Vert de gris, GrueuKpan,^A>rdet dc Montpellier 

Several acetates of copper are eonstitueiUs of Verdi¬ 
gris, the most importinit of wJiieli is the blue variety, a 
dibasic acetate and the green verdigris, a mixture of the 
di- and tri-hasic ac<datcs. 

The blue verdigris is produced by allowing copper 
]>latos to be actod upon by the vapoi^s of acetic acid 
(vijiegai') jji lU'csejice <*f air (rj'eat onantities of this 
pigment are made at Moiitjjellier, France, where sheets 
of copper are placed in loose piles of spent wiru**lees, or 
the mare of grapes* w^lieii these evince a strong vinegar 
odor* TJie vinegar fume*s gradually react with tlie nip¬ 
per and w)jen coiiversi<m has taken place^iulheiently^ the 
verdigris is scraped from the plates, mixed with w’ater 
and fonned into balls. 

DisiilU'fi or rry,'<in!Uitr is of dauk green color, 

crystalline irj stnictuie and is essetitially taailra] copper 
acetate—(hiIwhich owing to its soluhiJity 
in water and transparf'iicy, is of little importance as a 
pigment. 

Vordigri^ should n<d l)e emploVed as an artist’s pig¬ 
ment, being the most fugitive of the co])per greens, unsafe 

111 mixtures wdtl^most fiignieuts of organic origin and lakr 
colors and also affecting some mineial pigments* As a 
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water color it is not durable, readily affected by moisture* 
In oil it sRows better permanence but only when well 
protected by a strong film yf oil or vurniKh, In oil, the 
color with age becomes slowly darkened and more green 
ill hue, being acteil npoij by the hitly acids. It is only 
slightly soluble in water, readily soluble in all acids, 
without effervescence. I leated with strong sulphuric acid 
il evolves aeelie aeid. Wlieii stro!igl\'heated it liirus 
black (foitmalion of coi>p<'r oxide). Hydrogen sulphhle 
or sodium sulphide, blacken Verdigris (formation of hlaek 
copper sulphide). An exeess of apimoniuni hydroxide 
gives a deep blue solution (characteristic test for detec¬ 
tion of copber). Adulterations with Pruftsian Blue, or 
dyes, may be detected in the usual manner. Verdigris 
used principally for the mamtfaeture of Kmerald (Ireen. 

Pliny, A.lb 77, menlioiis that tJiis color may be'pre¬ 
pared from copper and vinegar. Verdigris waft known 
to the ancient Romans and Grecians.* 


VERMILIONS 

English Vermilion, Erericb Vermilion, Glunese 
Verniiliou, Orange Vermilion, Scarlet Vennllion, 
('irinabar, (Juiehsilver A'ermUions, Sinopis, Ver- 
milloij, yrumiglnine, Rermelloin Zinnober 

All hues are pure itirn urir .stilphtfh' -IlgS. 

Vermijion is a compound of mercury and sulphur found 
native as the mineral cinnabar (mercury hJrnd) in Spain; 
Ohitia, diifjaii, .Mexico, Peru, (Tennaiiy, Austria aufl t'al- 
ifomia. 

The natural mineral is rarely ^ound sulhciently pure 
awl bright in color, to be used as a i>iginoijt. ^>nniiion 
is maimfaetured directly from tlie elements mercury 
{({uirksilrrr) and sulpliiir, by what is known as the drji/ 
method and the^re/ inrfhtffL 

Ill the di'y method, flie raw materials"^re used in the 
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dry condition; 84 part^ by weight of mercury are inti- 
mately mixed with 16 parts by weight of sulphur, until 
an amorphorus black powder {Ethiop's mineral) is 
formed, from which the cryshilline vermilion pigment 
is obtained by siiblimatiom Tlie Ethiop is pure mercuric 
sulphide and is unchanged chemically during the sub¬ 
limation process; a change of color, entirely due to a 
pliysical change ^molecular rearrangement), having taken 
place* 

Th(‘ ^V^nlilioll obhiiiic^l in tliis manner, is then treati'd 
with hot alkaJijie sojutioiis, in order to remove any free 
salpliur* after which it is thoroughly waslied* yielding a 
iimch hriglijer and purer colo*' than when th6 washing is 
ouiitted, 'riie move hm^ly this crystalline Vermilion is 
ground, tlie resultant (“olor will vary from a dark ix^d to 
light red hue. 

In lifdiund the dry ineiliod is said to liave been em- 
ployetl for several tenturies. ll was also usual, in Hol¬ 
land, to add about 2'^ juM'cent of rfd lead or linely 
di>;id<‘d metallic lead to the niemiry and sulphur* 

In tjie year (J, ScinilKe puhlislu'd tlie iirst process 
for preyjaring Vennilion hy the wet nudhod ami today 
there are great niimh(*r of sueli ptd<-esses In use. 

In tlie wet nietlind, the fiuick,sijver and snJpliiir are 
ground together, in the presenee of waterfafter wliieh the 
black compound is eonslantly stirred for many hours 
with a w'arm solution of enustic potash or ]iotn:**ium sul- 
yjliide, until it develojjs the desireil vermUioii ecdor. It 
is then fliorouglily washed and dried* Tty varying the 
process somewhat, it is possible to obtain vermilions of 
different hues, however, all chemically composed of mot- 
► curie sulphide* * 

For soip^ inexplicable reason, ceilain varieties of ver- 
luilion darken upon exposure to strong sunlight (revert 
to the black antnrplious condition), tliis btdng especially 
evident when the pigment is impure* ' Those'colors ob- 
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tained by the dry method and the native product, usually 
show greater stability under exposure to direct sunlight 
Vermilions inclitiiug towanls n bluish tinge usually show 
greater permanence than those of au orange and scarlet 
hue* Vermilions, which for centuries liad retained their 
red color in illuininnted books and manuscripts, haw 
been known to <larken wljen placed in museums, wlierc 
they were subjected to direct sunliglit* • 

As an fiil color, pure Vtsmiilion, where properly pro¬ 
tected by a film of oil and varnisli, may be accepted as 
perniaiieiit, if not exposed to direct sunliglit* 

Vermilion, if overglaml with alizarin inaddei^is very 
unlikely to liiidergo any e’lange in color. Viu'milion is 
very opa^pje, of scarh‘t t'olor an<i is one of the heavicel 
fiigrneiits (ill specific gravity), ^flie jjiginent does not 
require much oil as an oil c^dor, is a slow di'ver ns 
and miisl be very earcfully gj'cund in onh^r to prevent 
separation of the oil frr>m the jiigmen!:. 

Tmpiii'e air, sblpliui^ous gases or noisinre have no 
affect on \’erniiiions* '^riit^y are vr^ry sbdde in niixtuTjes 
with all otlier durable pigments. Only when Iminire or 
coTitainijjg free siiljdiui' will Vei'itiiJioiis discolor White 
Leads, 

Pure vermilions are insoluble in water, alcohol, alkalies 
or in dilute acids. Nitric acid does not react witii ver¬ 
milion, presence of red lea<l shows bnjwii discoloration. 
A stjluji'::^! of sodium suliihide, with addition of a small 
cjuaiitily of sodium liydi'oxide, will dissolve veimilion 
very readily, \hi'^ (usually Ko.siiie) are readily detected 
with water, alkalies or alcfdiol, tlie liquids becoming 
colored in their jiresenee. 1 fealed,*';! change in color takes 
plitce, from bluish to and eventually to black, if 

still further heated Ihe hiass will burn with bliiisli flame, 
leaving only a trace of ash; if impure or adulterated 
witli such substances as red lead, iron oxi<les. barytes, 
etc*, these will remain as residue. Sodium sulphide will 
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only blaokoii vormilioiis wtiidi arc iidiilteratHl with rod 
lead or chrome yellows. A mixinre of nitriff and hydro¬ 
chloric acids will dissolve verrnilioii to a colorless solution 
(of mercuric chloride). 

Red lead and mcarJet mffmontf sulphide (Antimony Ver 
niilion) are principally used as adulterants, some inferior 
' brands, also, have the addition of eoslne, or some other 
fugitive dyo-atufiT, to brighten their color. 

Antimony Vermilion is a fugitive color, actefl upon by 
dilute acids and alkalies, and blackens when gently heated. 

Vorniilions were^iised from very earliest times; 400' 
years BX\ the Egyptians were known to have employed 
it as a ]ngmeiit. The seliaschar of the aneif^iit Hebrews 
was vermilion and is said to liave been used as early as 
600 years It is, also, thought to have been known 

to the Assyrians and even to the Chinese at a still earlier 
time. Bliny, 77 A.IX, refers to it as ‘'minium” which 
name is now given 'to i^d load. 

VIOLET CARMINE 

The source of color for this semi-traiis])areiit lake pig¬ 
ment varies. Home Violet fariniiies are prepared from 
the root of the Anchusa Tiuctfintt, others from Brazil 

wood and some are mixtures of Alizarine Madder with 

* 

Cobalt, or some other durable blue. Only tiie latter 
product would possess suflfieient permanency to be of 
*value to the artist. 


WHITE LEADS 

Oremnitz Wliite, Flake While, Lead Wliitt;. 
Silver White, Dufeh White Lead, Ldaiie d’ Ar^ 
gent, Blanc tie Ploml), Bianco di fiitmibo, Blanco 
de pleino (albayrdde), Bleiwtdss, Cerussn Alim, 
Ceruse, Kremser Weiss, Blatin> 4le Crtminitz 

Basie lead -2BI)CO.;.IMi(OH)a, . 
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TliG native of ieaJ ivjjs known to tlio ancient 

Romans and Urorians as a^nisse. Theophrastus, l^Jiny 
and^ Vitruvius mention its )jn'parat!on from lead and 
vinegar. After tlie full of the Roman Kmpire, it was 
prepared /irst at Venice, later at Crems in Austria, tlieii 
in Jiolland, Kiigland, Germany and Fva\m\ Today the 
United vStaU's is one of the largest ]jro^lucers of White 
Lead. 

There are many proeesses hy wlji<-h Wliite Leads are 
made, hut gi-eat <juan(ities an^ Kiill ]ii'odueed hy tlie oldest 
methral, the Dutch Process, in wlii-'li eaj'hon dioxide, 
oxygen (of the aii') and wat<‘r vai)or (irioisture), react 
on imdallic lead in pl\‘^enee*of acetic add fumes (vine¬ 
gar). In this niethofl {which if pj'op(‘Hy conducted 
yields an cxc-dlent iJi'odiict) these j-eacfimis are lirought 
about l)y stacking clay i>ots, containing dilute aeeGc acid 
and flat melalHc lead hultoiis, huckh's or coils, fn tiers 
and covering with fermenting tan^hark, s]ient tan 
or fermenting dung; whicli latter dui'ing deeoinjjosilion 
evolve earltori clioxidt' ami eon.si<]eral>le lu^at, thereby 
evaporating tlje acetic acid, forming Iva/l ucc/fWc (suf/or 
of hofl) on the suiface rd' tlie lead, wliich in turn is con^* 
verted into White ijeari hy liie carlioii dioxide. The Old 
Piitcli ]>roc(^ss, when carefully and properly carried out, 
yields a ^auT fim- fn'orlud, more ar less crystalline in .st rue- 
lure. Great iiuantities of White l^cad are still made hy 
this ]>rocess, evtni thoiigli about Jh) days are required for 
comi>lete crn'n>sJVni. 

Ill some of the newer })nH'esses, for instance the 

heated vapfo's of dilute ajetie aciil and <'arboij 
dic^xide act upon atomiKcd metallic lead, blown with sfeam 
into hirge revolving wt^odeii cylindt^rs; thereby producing 
White Lead of more anioi'idjous character, less crystalline 
jn structure than the Dutch lead. 

In the mi!/l prot'fss, huoly divided metalKc lead powder 
Is thoroughly mixed with air and wafer, forming a basic 
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hydroxide of lead, which is then acted upqii by carbon 
dioxide gas to form White Lead, In this process Hu 
acids, alkalies or other chemicals are required. 

Some processes bring about conversion by precipita* 
tion from solutions of basic lead nitrate with carbon 
dioxide. 

There are any number of different processes used in 
the manufacture of WJiite Lead, the various products 
differing soinowliat in chemical and physical composition, 
but all arc essentially basic carhonaU^s of lead. In this 
conuecHon Cremnilz AVhitc differs from Flake White and 
these again from l>utch White T^ead. 

A good variety of Whilc'lx^ad should he composed of 
about 70 per cent, carbonate <d lead and per cent, lead 
hydroxide. The varying percentage of lead carbonate 
and hydroxide affect tlie ojmeity, consistency and dur¬ 
ability of the jiigment. 

Finely gi-omid White Lead should be washed free of 
any uncombiiied sugar of lead, the presence of which 
will impair the stahility of the pigment. 

White Lend is one of the most opaque white pigments, 
■lieing equaled in tliis respect only by Pernialba, and like 
all pigments containing lead, it is very sensitive toward 
hydrogen sulphide, ra]ndly becoming discolored brown 
and black {formation of black lead sulphide). 

As an oil color it beconiea somewhat yellowish in color, 
' upon ageing, some varieties also become less opaque 
(formation of lead soaps with the acid cojjstitueiits of the 
oil). Pure Wliito Tjoad In oil when exposed to the ele¬ 
ments, becomes clialky after long exfioKure. These 
changes arc osjiecially evident with AVhitc Lead contain¬ 
ing sugar of load or with those higher in lead liydroxide 
content. White Lead has always been considered a dur¬ 
able aiifl permanent lugment when properly employed, 
showing the gieatcst stability when protected by a strong 
oil or varnish film, from influences of liydrogcn sulphide 
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and other dewiroyi]i|:' eompoiieiiiy of impure atmcjsphere* 
Its solubility 111 sodium chloride soon causes disintcgni'' 
liou of the jiigmezit when exposed to sea air* Carbon 
dioxide in the air also gradually attacks While Lead. 

White Lead is seldom used in water color painting, 
and not at all in Fresco or Mineral Jaunting, as in these 
techniques it is insufficiently protected and discolors very 
readily in consequence, la oil, it is one*of the quickest 
drierSj retfuiring only a small amount of oil. Mixtures 
with most iJVgajiic colors, lakes and certain few chemical 
colors arc best avoided as being of questionabl^e dur¬ 
ability. d^lie sulfdiide cohirs, such as the (\uiinimns and 
genuine Vennilions in niixtrtiT wdlh pure M'liite Ijcad 
are perfectly durable (discoloration would indicate one 
of the colors to be impure, presence of free sulphur or 
improperly waslied, etc-)* Pornuilba, is rapidly talcing 
the place of Wliite Lead on the a^tist^s palette, due to 
its desirable pliysic^al and cliemical properties, greater 
opaeity, tinting strejigth, durability and stability in mix- 
ture witli all otlior pigments. 

Acids deconipt^so AVhite*Ijeads with effeverscenee, due 
to evolution of carbon dioxide. 

Dilute Nitric or Acetic Acids dissolve AVhitc Lead 
entirely with evolution of CO. gas, any insoluble residue 
would indicate adulteration with barytes, clay, silica, etc* 
Darytes is pi'iiicipallv used, as it is specifically boavy; 
clay, gypsum, whiting, etc. are also frequently used. 
AVater dissolves'gypsum from AVbite Lead, w'^hich is then 
readily detected as described under (lypsum {page t>2). 
AVhitilig is also easily detected by^ thoroughly w^ashing 
a -s^iinple of the AVhite Lead in question, with w^ater and 
treating the washed pigment with very dilute sulphuric 
acid, thereby converting the AA^iite fjcad into insoluhh' 
lead sulijhato and any ■whiting (('alcium carbonate). If 
present, intacalcium sulphate* The filtratiJis then tested 
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lor gypsum (calcium sulphate) as described under gyp- 

SUJll, 

Hydrogen sulphide, or absolution of sodium sulphide, 
deeomposi* White Lead with formation of black lead suL 
phide. 

^ When healed. White Lead loses carbon dioxide and 
water, behig slowly converted into lead oxide—PbO, 
known as liihtffffr, yeilowish-ved in colur. is 

also a niodificatiori of lead oxide, pale yellow in color, 
obtained in tlie same mannen By prolonged heating, 
tlie lead oxide tliiis formed, eoirdiines wilh additional 
oxygeif, forming tfie hriglit ivd oxide, kiH>wn as witnintt 
— When Jieated witli carbon, WIkIo J^ead be¬ 

comes yelhnv in color and upon further heating it is con¬ 
verted into metallic lead. 

White Leaci is insoluble in water and any sugar of lead 
nrrtair) if present, is hroiiglit into solution, the 
detection of w’hieh may \k' made by adding sodium sul¬ 
phide (fomiatien of black lead sulpliMe in pn-sence of 
Ipad in solution) ijr by suljdiuric achl (Lu'inatiou of in¬ 
soluble white lead suljjliate). 

Hydrochloric :iei<l precipitates iiisoluble lead cliloride 
srjlntions of Wliib’' Lead, wliicli ])rcci[>'[tat.e is solutde 
iji boiling ^vafer. 

Sodium carbonate precipitates lea^l carbonate fjxmi 
solutions i\\' White la-ad, 

Lausji(‘ soda dissolves White l/(^ad. 

Ujjon the addition of potassium bichromate to e neutral 
solution of Wliite Ijeatl, a yeli<jw preciidtate (d* insoluble 
Chrome Yellow Ih'Ofl rhYowaft') is formed, ^ 

White Lead wdiich has become discolored, is bleached 
(oxidiised) to white lead sulphate, when treated with 
h )/(l roffp n pr. ro^ridr — 11 ^ 0 ^, 

White Lead is a cunudative poison, 

A cheap substitute for While Tjoad is sennet lines found 
to be basic had chloride —2 which is not 



riGMiSNTfi 


125 


JurabJe in mixtures. It is readily detected by its solu¬ 
bility in bot dilute nitric acid, without offervescence, If, 
to such a solution, the addition of a drop of silver nitrate 
forms a white floccnient in-eciiiitate, this would indicate 
the preseijce of tin; chlorine hm (see page lf)7). 

Other White Ijuad pigmenlHS used principally in heai^’ 
paint manufacture are Sublimed White Lead—//frvic Sul- 
phafr ^Vftitr />cr/d fonned by oxygen (in tlie air) during 
the roastHig aiid subsecjnent voJatiliKatiou of galena. Jt 
JM a very stable, tine, amnj'jjlious luf^inent, considered 
non-i>oist)iKms. 

Zinc Lead Whitt composed of (‘<]ual parts of zinc oxide 
and lead siiljiljalc is obtained firuii the reduction, volatili¬ 
zation ainl subsef]uejit oxidation of zinc and lea<l ores cmi- 
tainjfig sniphur. 

Neutral Lead Sulphate—i^bSt)^ is but schloia used*as a 
pigmeiij and should not be confused with the liavic lead 
Kidpliate, 

* WHITING 

Oalc-spar, Paris White, <’halk. Marble Dust, 
Oihlcrs White, Spanish White, Whitening, Kiig^ 
lisli While, Plane de Mendon, Bhua- ^liiieral 

CalciHW (Uu'hituufr —^ 

AVhiting is chiefly jireiiared from chalk, which occurs 
as a sfd'j rock ]Ji'incipaily in hinglaiid. Some very fine 
de])osjts jiave also been found in the Piiited Stati's. The 
naturaWalciuip^carlxmate is found in abundant quantities 
in nature, 

^Vhiting is of organic formation, etuisistlng of tlie cal¬ 
careous ]>arts (d* minute organisms, known as 
n?ff^yiu Egg shclX oyster shells, coral, and pearls are 
other varieties of organic origin* Iceland spa^ and calcite 
a re jiu r e f o n n s f cry s t a 11 i zed calc i u n i ca rhon^ \ t o. Marbl e 
is a distinctly erystnlline variety, lime stone a more com¬ 
pact, less cWstMllme variety of calcium carbonate. 
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The preparation of Whiting is a very simple procedure, 
the crude rock is crushed and then finely ground under 
water (kiiouii as the Jvngaf 'mw Waler is added 

and after thoroughly agitatiiigj the mass is passed through 
a series of fauks, in which the heavy particles settle in 
the first tank (yielding Commercial Whiting)* the finer 
particles settle ^in the second tank (producing Gilders 
White) and the ver>^ finest sediment, obtained in the 
last tank, yields Paris White* Bolted Gilders Whiting, 
is whiting^ whicli lias been bolted through very fine 
bolting, cloth. 

Whiting has very little opacity in any medium and is 
seldom used as an Artists Pigment, Indiig used princi¬ 
pally as an adulterant, sometimes also as a base for lake 
colors. 

Putty is a mixture of wliitiug and linseed oik 

Whiting and ghio size wore used for Italian and 
Spanish tempera^ painting-grounds, soTVetinies with ad¬ 
dition of plaster of Paris. 

DrawfUff f haJV and are usually ijrcjiared <if cal- 

ciiim carbonate, altlio nmst hinrl^-hoai f} chull' is cniniu^sed 
of gypsum. 

Whiting is unaffected under ordinary atmospheric ex¬ 
posure* Sulphurous gases do not affict it In acids, 
Whiting is entirely soluble with strong effervescence (due 
to evolution of carbon dioxide) to a clour solrlion; any 
insoluble residue would indicate the pre*^euce ofdnipuri- 
ties, such as sand, clay, etc. Traces of iron cause Whit¬ 
ing to be of cream color. 

If heated too strongly, when being dried, small quan¬ 
tities of c|uick-lune-CaO, are fonued wbicli give the 
Whiting an alkaline reaction. 

Whiting may, be made nrlifieally, liy preeipitalion 
from solutions* 
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YELLOW LAKES 

Dutch Italian Pink, Yellow Madder, Yellow 
Ijake, Bmwji Pink, Ktil do (Jrain Brnii, Quer- 
oitnnj, Laiiuo do gaiido, Yolh»w (’armiiio, Lami 
^;ialla, jauno, I^ioa aTuarilla 

A serins of yellow Jakes in which the coloring principle 
is ol' organic origin, precipitated on a base of Alumina, 
or Whiting, etc., to form the correspoiiding lake pijf^ent. 
All of these yellow lakes are not permanent to light and 
are niosUy a^tv sh»w driei's in rdl. 

TJje princi]jal siitistiniees fi'om AvJjicIi the flyes^are (^v:- 
tracted, are: (Quercitron hark, the hark of several s^iecios 
of North Aiiieriean oak tret^ij Ihusiaii, Turkish or Avig- 
inm l^erries; speeit^s of hiicktljorti (Rhammcs) and frrmi 
other plants such as the rveld (dyer's weed), etc. 

TIte I'icher yolhiw lakes preijared fnnn a dee]^ variety 
of Quercitron hark and sometimes also from Turkish or 
Avignon IkutIos are called Italian Pink, Dutch Pink, Stil 
de grain brun and Yellow Madden * 

Brown Pink is a deep variety of Quercitnm Jake, 

To make these lakes, th? b^rricR or sections of bark are 
ground into small pieces and the dye extracted by bfiiling 
in water. The water is Him tiltercd off and treated Avith 
a solution of Alum, to Avhieh a solvdioii of Soda is added 
to yield a preeijntat(^ of Alumina, which carries down the 
dye, during precipitation, to form the respective lake 
pigment.* Tlie bases are varied accordingly by maim- 
facturels, to pi'epare different hues and commercial quali¬ 
fies, 

Tlfese atHow lake pigments Averc knoAvn in the time of 

Plinv, A.I>. 77. 

• * 

The colors are now imitated by using some of the very 
permanent and alkali-proof yellow lakes, whirfi are prod¬ 
ucts of the modern chemical color industry and should 
be used bA\tbo artist in pi’eference to these very fugitive 
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older yellow hikes- The newer eolors are oxcelleni f raiift 
parent colors for overglaxing and when used, as such arc 
very brilliant and pcmianenf. 

The organic yellow lakes fihar to a white ash and are 
decomposed hy liydrochloric acid yielding a deep yellow 
solution, any insoluble residue consisting of barytes, clay, 
etc*, which was used as the base of the lake pigment* 

' ZINC WHITE 

Zinc ()xid(% ('hinese Whitts h’rench Zin<s ftlanc 
de Zinc, Hnow White, Hianco dc Zinco, Blanco dc 
, Zinc, ZinkweisH 

Ziar 0,ridr—Z]i(>, 

Zinc liad made a ]dace for hselt in Knropean art before 
it \ynH recognized as a tlistinel element nr as a metal, c*//** 
it is found to exist as a component in the imi>!enieiits and 
weapons of Hie Bronze Age* In somewhat later times it 
occurs as an alloy wiHi copjier and tin in rings, bracelets 
and other ornaments of ]ierst)iial adonimeiil wliieli are 
found in ancient, burial mounds of (Jenmniy and Den¬ 
mark. 

The I^)Inans were the first mamifaeturers of real brass 
-^an alloy of Zinc and (Vipper, While tla'V did not know 
aiivBiing about Zinc as sueli, they bad discovered that by 
melting eopfier witJj a certain oi'e -hy(ln>-siii- 

cate of Zinc) a yelhnv alloy of more g<ddeii t‘olor than 
Bronze could l>e obtained (lUoitzr is an alloy of enppeu' 
and tin). 

This yellow metal--/>h’os.s-^was (irsj employed for coins 
during tiie reign of the Homan ^inperor Augustus about 
:20 IU\ 

Zinc as a distinct metal was unknown in early linitjs, 
in fact, as late as the sixteenth century it wa*s not known 
in hhirope,'Imt there arc strong roas<iiis for believing 
that the Chinese w'cre acquainted with it as a metal at 
least st^Tral centuries earlier* According to iconic of the 
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early records the Dutch captured a Portuguese ship with 
n cargo of ^inc, in the early part of the fieventeenth cen^ 
tury. This was supposed to have come from China, as 
the Chinese were known to possess considerable metal¬ 
lurgical knowledge. However, not until early in the 
eighteenth century was suflicient interest manifested in 
the metal to endeavor to produce it from ore, A trafli- 
tion recorded by Bcrkmaii, says tha^ an Englishman'* 
visited China to learn the art of making Zinc, Ife at¬ 
tained his object, returned with the secret and soon after¬ 
wards a Zinc plant was ereefed at J^ristoI, England, for 
the production of Spf^Hcr. This plant was erect;;‘d in the 

vear ]74;h 
*■ ■ 

Shortly after the establfslimeiit of this Spelter planl 
at Bristob the Spelter produeed was used to coat iron 
sheets to prevent them from rusting. Tliis was ordinarv 
iron. The operator of this process noticed 
that a firm white powder coiieeted about the edgt-a of his 
]TieIied zinc hafjj. This proved to he Zinc Oxide, and for 
stmie time after this, the Zinc Oxide available for testing 
purposes, was c(dleefed from the edges of galvanizing 
baths. 

The eomnierciaJ production of Zinc Oxide as a pigment 
was staged In France in t^ic latter part of the eighteenth 
century liy Eeclair and Sorel, Ltmlair was a jmiiif 
grinder and iiiiister ]j:iinfer, IJe made some elaborate 
and conHusive te,sts witli Zinc Oxide as bis pigment. 
This fjave him a whiter and more desirable paint. In¬ 
vestigations of Leelair’s claims, by the French Govern¬ 
ment, led it to specify Ziuv Oxide in ail Government work. 
Lalfr White J^ead was proliibitec^above eertain jiercent- 
ages and Zinc Oxide specified in its jdace. 

The Zinc Oxide used by Eeclair was made by burning 
spelter with an excess amount of air, 11ie plant he 
erected and used was still in operation up to the breaking 
out of*the, woj'ht war. The process he used is known as 



130 


ABTISTS^PIOMENTS 

f * * 

the Fretich Pwcrsi^j or indirect process, since in its opera¬ 
tion, spelter or Slab Zine must be produced ffoin the ore 
and tlien burned in a special furnace to produce the oxide. 

The manufacture of Zine'Oxide in America is con¬ 
nected wdli some of the early endeavors of the Now Jer¬ 
sey Zinc (Vmpaiiy to solve the ]jn>blem of using snccess- 
fully the c<imidex vefaotory and then little known ores, 
’from the famous J^ranklin mine, 

Tho Zinc mines at Franklin, N.X, were discovered in 
the latter part of the eighfeenth centur>^ by a party of 
Swedish miners who were traveling overland from Balti¬ 
more to J^>w York, ,Tlie earliest record we have of this 
deposit of ore, however, is 1824, when some pf the min¬ 
erals ocenrring there were desVri1>ed by Messrs. Vanuxom 
and Keating. The first mining tliat was done at Franklin 
was at the time when the United States Governmeut made 
its standard weights and measures (1838). U is said 
that the'Govenmieiit imported workmen from Belgium, 
Iniill a siieHer funuiee at Washiiigtoi^j and made the 
zinc that was Tieedc^d for the brass uf these slaiidard 
units of Aveight and measure, from ore from Franklin, 
widi some scattered boulders of zine ore found in Sparta 
V^alloy and from ore f]‘oni Perkiomen, Pa. Tlje old pit 
from Avhich this ore was t?.ken was known as the 
“ Weights and Measures Opening ” and Avas in existence 
until ahont P)00, when the mining operations caused its 
disappearance. Ifeal mining operations did not begin 
at Franklin, however, until about 1850. 

Tu the Fiy^nrli Prarrss the zinc or<‘s nVv smelted, the 
zinc being distilled off and collected as nmlten zinc. The 
mtdallic zinc is cast in slags Avhicli are again intuited In a 
diflfemjt kind of furnace and the melted zinc upon further 
heating vaporizes. The fumes uiv)n meeting tlie air, bum 
with a bright greenish-yellow flame to Zinc Oxide, Avhich 
after cooling is blown through large pipes and collected. 
It is then sampled, graded, and packed, ready for use. 

' i 
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In order to insure uniform products, great technical skill 
is reqnired*in operating this process. 

It is only since the develppiiient of Zinc Whites, espe¬ 
cially in the United Stales, that the true chemical and 
physical properties of Zinc Oxide have become recognized, 
with respect to its durability as an artists’ pigmmt. 
The use of Zinc Oxide for artistic purposes only dates** 
back to about the middle of the eight^bnlh century and 
up to wifliin c^jm|)arafively I'ccent years manyfoi'eign and 
st»mc domestic brands weni princijially responsible for 
the lack of cnnfidence st^mejinaes placed in pure Zinc 
White. Kveii t<Mbiy s^nie brands of Zhic White a?e otfcrcd 
ill a very iTnpure rfuidijjoia, containing lead and a com- 
pai'atively high prnp{>rtioTi of water-soluble salts. It is 
clearly obvimis that such an imi>ure]jigmenf would greatly 
reduce the durahility of the eolor, especially when ^ound 
Lu nib and impair the stability of mixtures with (oilier pig¬ 
ments. 

Tests made With tljc highest grades of American-made 
French Process Zinc Oxide, have shown the highest sta¬ 
ll! lity in mixtures with oHier durable pigments. This was 
md found to he tnio of inquire Zinc White. 

The Ameriean-made Fr^^ncli Process Zinc Oxide* are 
usuaijy fuuud to be of the most reliable, ilie various 
brands being Crtrefully kept up to the reciulred .standard, 
ranking highest in whiteness of color, permanence, fine¬ 
ness, dufability and inertness toward other pigments m 
mixtures, shoAj'itig no tendiUicy to chalk, crumble or be^ 
come traiJsparcnt. 

Piire Zinc White is a durable pigment in all painting 
techniques. It ]>ofisesses exceptiohal tinting strength and 
produces true tints of high color value. 

As an artists’ color pure Zinc White in oibgriiuls to an 
excellent buttery consistency. It dries more slowly than 
Lead ^’Thite. 

Weight*for weigld or volume for voIihuc, Zinc Oxide 
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has greater hiding power than White Lead. Owing to 
its extreme fiuenoes and to tlie tact^ that it requires more 
oil than AVhite Leadj Zinc 0*\ide paints ran be brushed 
out much thinner than White Tjoad paints. 

Zinc White, when painted im]jasto, tends to become 
hiPi'd and scale, but where at)plicil in thin ap])lieation this 
'property is reduced to a mininiiim. A mixture of Zinc 
White and Pennalba fonns a most durable oil color, the 
hardness of the aged Zinc White him being comTleracletl 
by the more pliable aged IVnualba oil film. 

Some varieties of impure Zinc Wliile contain basic 
carbonate of zinc, which causes the pigment to lose s<ime 
of its 0 }Jacity. Basic curboi^tite of zinc is decasionally 
iifiud as an ovcrglazing cohjr, but its use as an artists' 
pigment is md advisaldc, wlicrc permanency is of first 
importance. 

Zine While is insohiblc in water, oil, alcohol (jr turpen 
fine and remains nihdianged by exposure to light and air. 
The lormation td' basic carbonate of zincl'i oni zinc oxhie, 
by the carbonic acid gas in the air, is usually over- 
exaggcrateii, this conversion seWom taking place to any 
ajjpreclable (h'gree, espi'cially witli Zinc White iti oil, 
where the pigment is properly^protected hy a strong oil 
or varnisli film fioni atmospbcric wifiueneep, 

Snljihui' gases, ijydrogi^n sidjihide <ir sf>dinin snlphide 
do not discolor Zinc Wliite, ttic zin<' sul|ihidc hen furim^d 
being as while as the oxide. ^ 

Wh(‘n heated, Zinc White turns yellow, upon cooling 
turns wliite again. Lea<l Wliihn wlicn licaled, cljaiige.s 
to yellow lead oxide. • 

In dilute acids {Nitric Acid, Hydrochloric Acid, Sul¬ 
phuric Acid, also in Acetic Acid) Zinc Whit:^ is solubfe 
without ctfei‘vescence, yielding colorless soluti<nis. So¬ 
dium hydroxide or potassium hydroxide will precipitate 
white gelatimnis zinc hydroxide from these solutions, 
which is soluble in an excess of the ^reagent. 
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Dilute sulpluiric add diuuJd comi)lcte]y“ dissolve Zinc 
White withdiit eflfervoscenco, a property not possessed 
by any other white Kffcrveaeenee would indi¬ 

cate the pi'Gsoiico of Wliite Tjead, whiting or niaguesite. 
Most other iidultemnts would remain as insoluble residue 
(haryfes, cfay^ silica, elej. 'nio acid solution, wben 
treated wiih an cxccsh of amiiioniiim hydroxide, upon thc^, 
addition of mnnionimn sutpliSde shouldn’ichl a white pre- 
cijjilate^d' 7a\U‘ .snlphi(h\ A discojoied [>Tt‘cipitate wtjuhj 
indicate the presence of other metals. 

Zinc While is, also, soluble in aminoninni hydroxide 
mill alkaline solutions. - . * 

Zinc f)xid(^s are class!fier'^as follows: 

French Process Zinc Oxide—1(7// iSf'ai, Gieru Seal 
and Tf/'rf - used chiefly for artists^ colors and en¬ 
amels, 

American Process Zinc Oxide, lead froe—us^d chiefly 
foi‘ paint and rvihher goods. 

U. S. P* Zin^Oxide—ii^ed for phanjuareiitical prepara 
tions. 

Leaded Zinc Oxides, ^ ptu' cent, to 'Ju per ccTit, basic 
lead suliihatc, arc used chiefly for heavy paints, 

ZINC YELLOW 
« * 

Citron Yellow, Zinc <1ii'omc, daune de zinc, 
Oiallo di zinco, Amarillo de zinc, Zhikgelb 

Ziti< -Zi!<h*n,, 

CoTmiiercia> Zinc Yellows vary considerably in com¬ 
position, the carefully ];repaml eheniieally pure variety 
slnAviiig exceptional ponnaueiu e^to light and air, wdiile 
the impure products lack dependable stability in this 
respect. ^ 

Pure Zinc Yellow^ is very stable in mixtures with other 
durable pigimmis, mixtures with lakes and certain organic 
color.s'are In^st regarded as of uncertain stability. It is 
employed only as an oil and wmter color. 
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Most dilute* acids readily dissolve Zinc Yellow. Hy¬ 
drogen suJpliidp does not discolor or blncken this pigment 
{contrast with (Chrome Yellow), The same chromic acid 
reaction with alcohol and hy^drochloric acid is obtained 
as with Chrome Yellows^ Strontium and Barium Chro- 
majte (see page 187, test fur ehrumate radicle) and no 
ju'ociihtate is formed upon addiiiou of sulphuric acid to 
the solution, AlItalioR in excess readily decompose Zinc 
Yellows* yielding yellow solutions. Zinc Yellow is also 
dissolved by ammonia. Heat destroys this pigment. 

Zinc Yellow has been used as an artists^ pigment only 
in comparatively recent years. 
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Color is not a substmieo, but a [product of partial or 
selective absorption, or traiismiswiou of irregular oi 
scattered reflecli<ui, or of diHijeision Jil refraction of 
white lisfht. Huiilight, which we rccogiiixe as white 
light, ia a compound of many rays of varying vibrations, 
that is of many colors all blended togetlier so tliat the 
eye distinguishes but one kiiul Tf liowever tbi; light is 
made to fall on a glass prism, it is bent or refracted and 
the mixture is bn^keu u]jf Wc obtain instead of the 
white lightj wliicli enters the prism, an elongated band of 
different colors. This dispersion, when of a sunbeam^ 
produces what is termed the solar spectrum, 

Tim ]n'ismiitie sjjwdrum is composed of a stories of 
colors, arranged in similar order to those of tlio rainbow. 
Each color vibration tjf <lifTerent Avave length, is re¬ 
fracted to n differoiit degree; thus the rays of shorter 
wave length, socli as lliaf of a certain tint of blue meas¬ 
uring oh(* [jftydivc tlionsiindtli of an iiuOi is more re¬ 
fracted tliaii that (if a certain tint of n^d baving a t\'ave 
huigtl: of ojK^ thirty-llninsandth part rd' an incli. 

The colors oi tiie s]^ectnim lilcnd one info the other 
and altliough we might name a hundred different c(dors 
in the sjTcctruii], each a different color sensation abso¬ 
lutely,Vve cannot lioMTVer accurately distinguish such 
fine divisions with the oy^ and ordinarily for convenience, 
divide the s|»ecfruin into seven regions, as follows; Red, 
Orange, Yellow, Oreen, Blue, Indigo, and Violet. 

Beyond the visible s]iectruni at the violet end we have 
another sot of rays which are more liighly refracted, of 
very small wave lengtli and are known as tJie ultra¬ 
violet ctr chemical rays. 

Beyond the red tnd, there are also invisible less re- 
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fracted rays of greater wave length, known as the dark, 
heat, or nltra-rcd rays. 

Upon Piirctul study it waj^ foiuul Hint the solar spee- 
trum is crossed by a vast numbor of dark lines, called 
Fraunliofer’s linos after Fj^aunliufer, who early in the 
nilietecntb century showed that when a solar st>eetrum 
^ ia producoil in such a manner that lire colors are sharply 
Ke])arated, these lines are visible. Througli tbe use of 
the spectroscope, jTn instniment invented by Bunsen and 
Kircliofl', to produce aiid view tlio spectrum, it was found 
that white liglit from an incandescent solid gives a con- 
tiiious Kjiectruni. Light lunvever coining from incan¬ 
descent vapors, yields a spent rurn consistii!;^ of a series 
of'briglit lines; for oacli element the color and jir^sitioii 
of these lines will differ. By analysis of the siiectruni 
produced by the vapor of a siihstaiico it is j^ossilde to 
discover of what element it is composed, such niiiiiite 
quanities as lAtlOMOO milligram sodium being de¬ 
tectable by means of the spectroscope. 

Artists tinding tiint by skiilfid use of three ccjiered 
pigments, red, yellow and l)lue, nearly all the hues or 
tones of c<jhjrs can be obtairnnh acet^pj llu^s(‘ tlnCe <-olcirs 
as tbe primary colors. 

By a prihiarf/ color we understand a color which ciui- 
not be produced by tiio a<lniixture <jf oHier col<>rs- 

A secoiidmtf color is one [jriMlnced by admixture of 
any two }udmarv colors. 

A Icrfiitrp color^ or liet.ter termed a /rotd, is oin which 
is i>roduced tiy the admixture of any two secondary 
colors. 

The above terms afe exceedingly arbitrary and con¬ 
sequently not very scientific, as will be slirnvn later on. 
Tlcjwever. at present we will only cotisidcr llie piamary 
color soiisatioiis red, yellow and l)lue, as ]jertaining to 
tbe admixture of c<dored pigments, ^ 

Any two colors arc said \u he ron^plcmcatarp, to each 
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otlier, when the ijrodiict of their comhliiatiojiH in proper 
proportionB produce the senHation of while li;^ht on the 
retina of Uio eye* We can very easily illustrate this liy 
llie use of Maxwell’s rolatlnj' color disc, winch \s a round 
disc oil wliicli two coiiiiilemeiilary colors are placed in 
]»ro]jer prot>oi'tj(ui and rapidly revolved ahniit an axis 
tlinuigh its cei]t<'r* The two c(Jinjd<'mentaiy c<dor sen¬ 
sations will fall in ro}dd succession on the same jiarts of 
the retina of tlie eye and will heeonie hhuided into faie, 
which will ajJi^ear as a gray. This gray must lie at*- 
eepted as white, due (tj the loss of considerahh^ while 
light in I'cHcH^tioTL When using et^lored of liglit 

tlie resultanf sensation Avjll*he white, fn like manner, 
if on a circular eardhi>ard w'e i>aiiit the seven priueiffal 
spectral colors and rotate the same very ntphlly round 
its centre axis, tin* resnlt will fie the same as nuatioiied 
nhove when complementary cuhu's wer(‘ fakein * 

^riie study ofjhe rfmirosi of tf^for is a very iin[K>rtant 
snhjecf and l el erem-e should he made to any anlhorilative 
work on coloi* in which tiiis nSiihiect is given in detail* 
The ihret^ ]irincl]ial influences wlncli aft'cct the contrast 
of color, are the difl'erence of pariftf^ brif/hfii<\ss and /nm. 
Two eomiilementary eol(^s of equal purity and hright- 
ness wfien iiiaced in juxtaposition gain in brilliancy witln 
out .suffering alteratitJU in line. Wlien one of these 
colors is not equal in line, purity, brightness or truly 
eomplemenlary, tills <litTerence will he accentuatcKh Jf 
the two adjaceuf colors are of dilTerent luic, this dilTer- 
ence is increased, eaeh a[qn'aring U* have been mixed 
with \\\Q complementary of the otVev, 

^!1ie background upon which (he cohn's are examined, 
if black, giay, white or >‘oloi'i*d, will also cqnshhu'ahly 
influence i\u\ resuKant contrast. A simjile instance of 
mnuUa^H'oHs is illustrated by examining a stri]> 

of coloi^oiea blat'k, ^ray or wlnte gnunvh tbi lihlck, 
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tifie QA)loT Reems to gain in brightueRS; on gray gaining 
less in brightness depending on tlie relation hehveen the 
gray and [lie color and on tbe white gi'oiind the color ap¬ 
pears still less bright tlian on tlie gray or black ground. 
Conversely, if we place a strip of gray <m a colored 
ground, the grey strip appears tinged with tbo comple¬ 
mentary of the ^colored ground. Tims a gray strip will 
appear tinged with red when placetl on a bine-green 
ground; and will appear tinged with bine'green if placefl 
on a red ground. 

Coutrasf of tovr i,s i-eadily un-imijdished by placing 
ill contiguity a series of about five or six toned strips of 
e<pial siKC, tlie tirst strip fiiifed }>ale gray jiiid eacli sue- 
ceecliug strip decider gradation. It will be observed 
1 hat,the side of eaHi strip lying against the lu^xt darker, 
will apiiear lighter, due to ilie (*on1igiiify of tlie darker 
tone and tlie serious of tones resemhle a number of hol¬ 
lows. By substituting tones ot any eobu\ Ibis (example 
of sinniltaneous nnitrast may )>e observed in ]ik(» manner, 
us with the series of grays, 

(VjUu's ill which red and yelhnv i>retlominu(e are some¬ 
times mentioned as fnn in, or atinmcinff rolftry. Those 
in which blue ]iieilonuuate are sjjokeii of as rohi tjr rc- 
firiitij A gray tiiige<l with yelhpv, orange or red 

is termed a warm gray, ■whmi tinged with filue, a eold 
gray, A greini may be said to he warm, if of yellowish- 
green line and cold if Idnisli-grceii. 

Colors given forth by llglii rays arc called fmasievt 
colors, Avbereas all others, such as dye, elieniicab earth 
and mineral colors ])''oduceil by refli^ctioii, refraction or 
partial absorption <^f light are called bihcrcid ro/ors. 
The inher(»nt colors never approacli the transieiit colors 
in purity. 

The following table will illustrate the principal color 
sensations: 
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Primary Secondary 

Ke<l 5* (Treeii 11 

Yellow 3 Purple 13 

Blue 8 Orange 8 


Tertiary (Triads) 
liuBset 21 
Citrine 19 
Olive 24 


Blark contrasiB more wtroiigiy wilh while than with adV 
enlor and acenpting white as the inilt 1, it has been 
]jroveii that one part while excites the*nerve fibrils (d 
the retiiuf of the eye In as great an extent as throe parts 
yellow, etc,, while Ibe poAvor of the seeinidaiy and 
tertiary colors AviU he ef[iifd lo the sum ut the numbers 
ui' the colors of the admixture, Tjje iiumbovs* desig- 
Jiated cm the «hove table of pifimary, secondary and terti¬ 
ary colors will illustrate this fully. 

The c<d<^rs are arranged in the above table so that 
the eomplemcTilary cohu's are opp^^Bite, for inst.dnce; 
green td the sec<nidary cedor complements the ivimary 
color red, Avliile russet of the tertiary complements the 
secondary eolof green, etc. • 

Every c<dor lias three CjualitieSj called roJor co/j.Wuwts; 
fl) hue, or coJor fou<% the^piality by which, for example^ 
blinsh'green differs from yclloAV-greeiij (2) value or Ju- 
minositif. by which for instance ligld green differs from 
dark gteen, and (3) rlirf^jua^ iturifi/ ur iuieusifif, by Avhich, 
for example a pure or spectral green differs from a 
broken or grayish-green* 

A saturated color is one as free from Avhite or black 
us pos^ihle. 

Tint is tlie term applii^d to tlie rcsuHimt adinixturo of 
one the primary, secondary, or tertiary colors with 
wliite. Mixed Avith black in place «*f A^diite, the result is 
calle<l a f^hade. Both may he expressed in terms of light, 
medium and deep, ac^oniing to the amount of Avhite or 
black present, 

Whife^ and black, and grays pnaluced by tbeir ad¬ 
mixture ar(? not regavded scicntiflcally as colors, Tiiey 



140 


artists' ^IGMBNTS 


arc used in the scale of bri^liincss. For instance if 
white is added to a color it ia eaul to hrij^hten it. On 
the other hand tfie addition of black i>i' a gray ia said to 
darken it. 

A body when illuminated by a white light will appear 
white if tliere is equal reflection, and no partial abaorp- 
u lion, of tbe jneideiit rays, 

"rotal absence (if liglit, or e<iiud nnd total absorption 
of iijcident rays by a ImmIv, represent darknessi or black. 

(Vdors of tbe primary, secondary and terliary group 
are termeil posilirc because they do not contain 

white or. black, '['he tints and sliades are classified as 
vrffdfitc colors, 

,However, the ]iliysifist, wlio is concerned scientifically 
with color in referenct^ t(i light, is not satisfied with the 
rcd/yellow', blue, primary color sensatitui theory. This 
theory, adapts itself nnly pracdically, as a nile for the 
art of njixi]]g pigineiits to prodnee color effects. 

Tavo great physicists, Vonng and HehxdioUz. and other 
physicists found that nearly all ct>lor sensations c(ndd 
he produced in iifirmal eyes by the use of red, green and 
violet Jifjhfs and their combinatitms. A cerlyin red, a 
certain green, and a certaiu AUidet, were therefcire ac¬ 
cepted by them to be the three primary color sein^atious, 
A later, more comprehensive theory takes red, yelltnv, 
green, and hlue as primary color sensations. 

These flieories account for the Tion-prece]ition of c(dor 
in dim light or in very ol)li([iie vision, by assig'^ung dif- 
ferent capacities to the *^Eods” and the “(Vmes'' re¬ 
spectively, i>f the retina in the eye. These rods anti 
cones are contained ni one of the layers of the retina. 
Tlie rods, according t(^ this theory, convey only the sensa¬ 
tion of liglil without color loathe hrain and are more 
easily stimulated than the cones, which arc supposed to 
give the color sensatifms, 

A certain set of these nerve fibrils of the retina arc 
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especially Boiisitive to its own specific color sensation, 
namely that'set particularly acted upon by such of the 
longer light waves as those of red color, arc but sliglitly 
stimulated hy the shorter green waves and still shorter 
vioi(*t waves. (’tilor-l^lind perscuis ur(^ tliose iii whom 
one <n' more td' tlie sets of nerve fibrils fail to respond 1*. 
the iiicideut color sensation. • 

Fatigue of the retina is eusily caused by looking for 
a short lime steadily at a strongly colored object hold 
against a background of gray or wliite. 

The nerve fibrils of the retina which receive tlic image 
of tlie colored object lose for a shon time lhG*pt)Wor to 
receive the ^'espoefive-color of tlie olijcci, while their 
capalulily of rcK^eiving other color sensation is nol ira- 
imircd. If for instance, we look intently at a bright 
s])oi i»f n*d and then glaiico at a wlstc siirfac'^ wC will 
iKdc tlte sjjot to ajipear ideiUical in sluipc <>ii whitv 
surface, however, in tlu^ coltjr odmpicniciitaj'y jo red. i.f\, 
green, After'h.mgcs due to impressions made on the 
rcdiiia arc (airioiis results fjf looking, for cjcample. at 
s(»me particular spot on a window with a luhght sky as 
background and then closing the eyes. The image will 
ai^pear with the eyes dosed, with color changes and \vith 
detail?^ tliat were not ob,served with the eye open. 

Pigments arc only visible hy reflected light, each re- 
spccti\'e iii;;mciit ol>taiiiijig its color from tlic I'ay or rays 
of light tjiat are not absorbed and which are reflected 
buck frym tht^ surface, ns also from hcucath tliQ surface. 
Thus a body wliich absorbs tlic lilue. green and yellow 
rays/)f the spectnim and reflects tim rod rays, will ap¬ 
pear in that color which we call red. We always assume 
tl?e incident light to be whit(‘ when naming the color of 
any ohjtM^t. A red (jhjcct when examined tor iiistanee 
in a yellow light will appear oulle a iliill hrowii, owing 
to the small amonid. of red rays emitted by the yellow 
light falling on tile object, wliich consequently in turn re- 
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fleets correspondingly few red rays together with a few 
other <*(d(»re(.l rays, gi\iiig the body the evheerved dull 
brown color, 

A blue pigment, sin*h as Pnissian Blue and a yellow, 
siicli as (Jambogo, when mixed logt^tbor in varying pro¬ 
portions, yield beautiful greens. Bright solar spectra 
beams of blue and yellow when tlirown on the same sur¬ 
face will yield white light, not green us we might expect. 
The greens priKliiced by tlie a<lTnixtnre of these pig¬ 
ments are due to absorbtioiis taking place in the blue and 
yellow pigments respectively. It is the Ughl \v1iich es¬ 
capes absorpti<ui by l>otb pigments wliieh gives the re¬ 
sultant green eidor, In a ii^xtnre of these Uvo pigments 
th/.‘ particles are situatt‘d so closely togetlier, that only a 
small quantity of mingled yellow and bhii' seattored light 
reaches the eye direetly, most of the light rofieetecl is 
green, Hie I’nissiaii Blue losing nearly everything but 
the greeii of wliidf it possesses a (imnitity, likewise the 
Gamboge, Tile .remaining light, which both pigments 
are therefore al^le to reflect, is grec^n, not us commonly 
thought, due to tiie mingling of yellow and bine reflected 
liglit Bine and yellow lagmeiil colors, which reflect inn 
UHimlly small amounts of green light, sucli as Ultra- 
marine, kiumi tr# l)e the pure.;! bine ainl Cadmium 
bellow, a very inin^ yellow, yield in fheir adiiiixtiires 
very dull greens, 

Most objects iiecome visiliio by giving ofii' lij,dit, wliich 
liUB fallen upon them directly or indirectly, from some 
light-giving body; very few shine, or are'visible, by their 
own light, Colored transparent olijects generally owe 
their c^dor io the fact, that they are not transparent to 
all kiiids of light Wlieu a compomid liglit such us sun¬ 
light shines through a trans[>areJil body, some of tijo rays 
arc absorbed liy the body, tlierehy being usually changed 
lo heat, the reflected and transmitted rays give the 
body its apparent color. Many transparent'suijstances 
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Lave what is termed snrfacc colors* (U^^taiu aniline 
dyes and Ayirions otlier substances will have a de¬ 
cided metallic, or different appearance on their outer 
surface, due to reflection of my^ not penetrating^ into the 
body; however, the transmitted rays are usually of 
Btron^j color* The difference in color (jf some comfuict 
solids and the same in yjowder form can thus he ex¬ 
plained, * 

Bodies^ which we cannot see through and tliat do not 
appear to transmit light are called opmine, Most bodies 
if in shajie of a thin layer or sheet, will no lougcr be 
‘ opaque to a strong light Light penetrates a little dis¬ 
tance beiieath the surface of opaque hridies, wliere some 
of it is absorbed and reflec^d by tbe interior i^rticles. 
These latter or mnibsorbetl liglit rays return to the out¬ 
side, imparting to the object the cidor l\v wliieh we jenow 
if. 

Tlio light refl^Ttetl from the real jxtenial suiTace of 
non-mctallic cq^ored Inidies receiving white light is usu¬ 
ally not colored* (Vriain fabrics, such*as silk, illustrate 
this, reflecting white light from their outer surface to¬ 
gether with cojifiiderahle c<dored light reflected from the 
interior* This reflected wliite light ])roduces what is 
called tbe 'b^hccu*’" fbi account of the considerable 
amouift ()f wliitc light, Ibus reflected, mixed with the re¬ 
flected color of the fabric, iu parts, the color of the fabric 
appears very ]udc* 

Dry fii^mcuts in a very tine state (»f ]iulverizatioii re¬ 
flect considerate white light from lli<ur outer "surfaces. 
If we reiluce the amoutd ^.‘f this reflection by wetting the 
}JOwder witli water, oi* with tlie more highly refracting 
o^Js, a decided deepening of the color takes place. A 
coarsely ground powder will be more deeply colored than 
when finely ground* Here the particles are large and 
the incident light will have penetrated much deeper to 
undergB a^givemnninber of reflections and more light 

' ir - 
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will he partially absorbed, the f^reater amount of re¬ 
flected H^ht making the coarser powder aiiij>Gar deeper 
in color* 

The chemist has made uSe of the different colors im¬ 
parted to the eolGi'less flame of a Biinsen iniriier, when 
ajmetal, or salt of the saiiie, is held in the tiame attached 
to a ijlatiiiiim wire; as a means roiifrh tletection of 
their presence. ‘‘The flame i.s eohjred violet hy Potas¬ 
sium; iiiteri.^ely yefl(MV hy Staliimi; yellowish.green by 
Barium; crimson by Strontium; yelhnv-rod l>y Palcimn; 
green liy salts of C’o]Jiiei' and also Jiorie ^\ci(h Tlie ever 
admiret!* t;olorfiil |iyroteeiinie or lii'e-wtjrk display is pro¬ 
duced by the skillful use and :ieleetioii af the above 
miinlioned eolored flame reaetioTis* 

Vsnally bodies, witieh give off light of their <jwn, are 
4‘xeotAlingly bot in temperature, lit^wever, eerlain bodies 
possess,1lie <pialily of being iTuninons, witlioiit lieing hot 
and are said to lie fttnfiut^srntf in this condition. 

FUfoirsi rf^f r is a form of inmiiieseenee, ' When a body 
gives ftff iiglil difl'er<‘nt in color and not a eojislittient of 
the incident light, witlioiil evidencing a change of tem- 
])eralnre it is said t(^ lie fluorescent. The name is de- 
vivirl from tfi(^ mineral flnoi' spar, wliieli minei'al ami 
(ither .snhstances, .sueh as paraffin idl, kerosene, the solu¬ 
tion of Kosine dye in alcohol and olhep^, are liighly flu- 
oreseent. 

fKliei' l>orlies, witbrjiit Indng liot, cojiliiine flto' a time 
to emit Ifglil after having been exposefl to ligiii/' Tliese 
bodies are said jo be pho.sphftrrsmtf^ the name being de¬ 
rived frr^m tile element pliospiior, wliieh if tlie snvfaee 
is fresh, will glow in'tlie dark, in air, AVitli pliosphor, 
Ijfiwever, it is md a ease of jdiosphoreseeuce, hut u 
fliemical I'chction, that of slow oxidati<m. 

Many siifistaiices such as ruhies, some <liamoijds, suJ- 
jdiides (jf calcium, stronjinm and barium, ajid \i large 
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number uf fiut>«taiicos, ]iatural*aiid artificial^ 

absorb rac^aiit ouorgy when exposed to the sun, and 
Hubse(|iiciit]y emit ligljt rays* 

The eommoii lightniiig-lmg,. the glow-Avorm and the 
luminosity of the sea at night, due to the glow of micro- 
sc-(j})ie living ui-gjiiiisms, afford interesliiig examides of 
himiiieseenee. 
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ChGinistry is timt m^iencu whicli makea study by aiialy- 
sis^and syiitbesiw, of tlio properties aiid composition of 
^11 foring of nvittcr and of the action of substances on each 
other and the cluiiij^es in composition^ \vhich occur, in 
coJiseqnence, 

Through past ages man has observed the material 
changes constantly faking place in nature, the study of 
which lafbr enabled him to artificially produce, as also to 
control many of these change^ If is only, hrjWovcr, dui- 
iagwenrs, comparatively recent, that chemistry lias been 
developed to such a degree, that civiliKalion could never 
have reached its jiresent height, hut for the manifold ap- 
idicatioir of this science in industry, 

Chemical changes arc everywliere taking place about 
us* 'Wlieii tlio nibtal iron is exposed to damp air, we 
' notice a cliango to take place, namely its conversion into 
a red powder, whicli wo know as rust. Likewise, when 
wood burns, being tlierehy converted into gaseous suh- 
staiu’cH, or fruit .juices fermoid* tliere is a change in 
which eacli suhstance has lost its’original identity^ hav¬ 
ing been changed into entirely new sub'stnncos* These 
are said to he tltcwh aJ fhavffcs. 

If we bend a roci of iron, make sawdust of a*piece t>f 
wood, or break a pane of glass into small fragments we 
have only changed the origimj si:(o, sliape or c^lor of 
these materials and we say a change has tflken 

place. 

Our mother earth is compoee^d of two kinds of suO' 
stances, the'so-called simple substances; demrnfs aiul 
ro mp om) d a 11 hdo nr r s * 

Water, for example, is a compound,substance* as it 
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can be separated into two different substances, both 
jLfaees at opflinary room temperature— 

"Water ^ Oxy^t ‘11 + Jty{lruj^cn, 

By exponmeutalioTi it will be found that one volume 
Oxygen (or ](> parts by woiglit) and two volumes Hy¬ 
drogen (or 2 parts by weiglit) are obtained when wato^ 
is dmjmposed, Sueh a separati<ni is called an analysis. 

If fake two volumes hydrogen and one volume 
oxygen and combine them we will again obtain water. 

Oxygen r Hydrogen Wat('r , 

The combinijig of these Jwo elements to obtain water 
is termed synihmis. 

We have been unable to sei>arafe either tlie oxygen 
or liydn^gHi further ijijo oilier substanees and lliose are, 
therefore, eaJietl sini[de snbslaiieeH, or Tliore 

have been discovered some eiglity-tiVe of siicii {dements, 
Hie most important of wliieh are listedMUi page 148. 

.\t ordinary room temperature some of the edements - 
are in gaseous form, some fluid and otliei^s solirb 

Most ' solid snl^slanees are made fluid by heating 
(meltingh Fluids are (‘'niveifed into a gasi'inis condi¬ 
tion hy heating and >vi also revtu’selyn wlieii gases are 
cooled they aiv made fintd inal fluids la^eonie solid 
{freeze) if co(ded sufficiently. 

Tf we intimately mix gramst sulidnir witli 200 grams 
(juieksllver h}\ Indskly nilibiiig the two substances to¬ 
gether, we will olifain a black jnnvder, which if properly 
heat*od will yield tlie red ]agnient Wrmilion and it iviil 
be found tliat exactly 2'!2 grams ^f jagmcTd is obtained. 

Ill tills instance 32 grams Sulphur + 200 grams ^fercu^y 
-> 232 gi'ams Vermilion* 

should uhvjiys Jk' Tt'jid ujh nr 

Uo road as irith. 

t Si‘i^ <if Wi‘ikJit# :ind 
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If Oil tli(i other hand we analyse this quantity A^ei- 
iiiilioii we will obtain from "IIVI (^ramw uf pij^meiit IVl scrams 
of sulphur + 200 grams of Mercury, 

We sec from these cxporimentSj that Vermilion like 
water is a compound substance. 

The hvo coiisUtucnls of Vermilioii, namely Morenr 
and Sulphur after combining, w^re ff>[i7jd*1o h^se tbcti: 
former identity entirely (color, form, metallic appea¬ 
rance, etc,) a new compound substance being produced. 
We have here aiiotlier example of vUawfjv, such 

as also took place when we synthesized water: 

2 grams Hydrogen -|- 16 grams Oxygen 18 grams 
Water. • 

^"ermilioii is a chemical compound of mercury And 

sulphur, water n chemical com]>ound of hy<lrogeii and 

oxygen, neither are merely physietrl mixtures. 

Never more or less than grams mercury .combine 
W’itli grams sidjihur; or 2 gram?i liydrngen wdth 16 

grams oxyge^d: 

The ratio bctw’oen the weights of the hydrogen and , 
oxygen is found to be I ^ 8, Hx peri once lias sliowm, that 
this relation is iiTivarying, that every com}Rnmd has a 
definite cnm])ositioii l)y Aveighj. This is known as,Dal¬ 
ton’s^first hi\\\ fhf^ loit; <f/ pnfpartious. We can 

assign n Tinmhef t<i every element, vfpnr(jl(*ni or rcorfiag 
v'fiphf, Avliich rein'epscnts the number of parts by weight, 
Avbitdi nrjte with, or replace, one imrl of hydrr-gen, or its 
efiuivaUnit. If, as often occurs, an element ,1ms more 
than one reacting weight the oue will always be a multiple 

of I’ll'MU'lUs Oil' .^Xiii-l atomic of ikxyijcii = 

]|^m^ is nms1 coNuiimily tiscif ntiJ jiKiliiTijyr Uu- 

JiNdi'o^cii ct]nm't|Mi'[]11y slijiliily frrt'JiaT tliim 1. 

colut'idclU't: in iirdut-'ity viilciilillflit* Eie]urn?timillr uUniiic 
nijiv lnj (jsi'iL 

Thi^ cTcniont^i iiTi* cl!j>wilii'(l , 1^1 iTiiliils and imn-mcOils (jiictiillnids'). TJi(t>c 
itig tlic mo^t niijrkoil clmnilc:a clijimctcriwiii^s rff 

i]iMi :jr(? umrlti'd in ,Tho ^^iOi :m nsfoiiiik.* 



artists' PliJMEKTS 


im 

of the other* For example it is foimcl oxygen uiiitca 
with hydrogen in two iJro})ortio]iR, iiL water*it is 8 ; I 
and in the other compound 16:1, We would never find 
that in any inetaiiee V2 parts by woigiit of oxygen wouM 
combine with t part by weight of hydrogen, 

This led John DaUoii iu IHdri to state liis atomic hj^poth- 
in whiel^ho described all matter as being composed 
of small particles, whicli Ite called atoms. These atoms 
attract or hold on to other atoms, do not brertk up or 
subdivide when taking part in eheinical iTactioiis, and 
each atom ol' any one elemo*it is iilentieal to all other 
atoms of that same element in weight as also in other 
properties, but ditferent in yeiglTt from atms of any 
othVr element, AVI ten t\v<j or more atoms iniite, as occurs 
in forming a particle of a eompound, tins group of atoms 
is called a molcrvtc* A iiadecule ean be defined as the 
smallest'iJariicle of a suhsiance, winch retains all proper¬ 
ties of tlie mass. Tdr example: 

2 liytfi'ogeii | 1 afont ^^xvgcn-^] wafer, 

AVe have found, that 2 grams Jiydnigen united with 16 
gn'ams oxygen vieKl IH grams water. As the weight of 
the J;ydrogen atom is taktoi as a unit for eomjjariTJg the 
freights of atoms of all other ekiun-nts, we t^at if 
the hydrogen atom is expivssed as 1, tiiere being two 
atoms of hydrogen in water, tliese would weigh - X I or 
2, The one ainm oxygen, which combined witlj the two 
atoms hydrogen must tin* ref ore weigh 8 X 2 or 1& 

The atom'ff irriffhf of an clement expresses the number 
of times its aioin is as heavy'as an atom of hydrogen. 
The atomic weight of ati c](nnent etjineides with one of its 
reacting weights, 

Vi)V eonvenience in writing Vfiemicai formulas, re¬ 
action of substances, compounds and elements, each ele¬ 
ment is given a spmhot. ITfiually the first initiaj letter 
of the name fddhe element is capitidizofl, FoV mstauce 
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hyilrogoii, m rupresoiiled Ity the c^iipilal letter IT, whieli 
iacidently, *alfio, expresses, that ore atom of hydrogeo, 
or 0110 jjart hy weight is sigijifio<). Thus 0 is read U> 
repi'eseiit J atom of oxygeu, a?so, Ifi parts by weight of 
oxygeu. In the second column of the list of elements the 
symbol of cadi dement is given, Wliere two or m6re 
elements have the same initial letter, another letter if 
added to the initial eajjital letter, thus C“-carbon; Ca— 
caleiuin^CM-cadmium; (T- diioriiie. The names of the 
elements w<Te not derived seierititieally. Some are named 
after couiitries or Itjcidilics, edbers ave of ancient origin, 
sonje have received their names from peculiar propodies 
possessed them, an'd sliij others were named by their 
diseoverers. The synd>ols of the elements are inticr- 
nationnl, lunng basi^d fn^juentiy on their Latin, Oreek 
and Knglish names, for instance 

Iron = feniiii — Ke 
,Silver ^ argentum Ag 

Lead — plumbum — I^h 
Mercury hydrargyrum — Hg 
Carbon ^ earhn V 

The elements more recently discovered and, whieh are 
metals liave been given names ending in dum, those l>e- 
longing to the nen-metaJs ending in -n or -ne. 

We can now iTad. the formula for ^’^erniiliom whidi we 
fouinl to be a coinpoiiiid (jf nuu'enry and suli)hiir, as tlgpt 
We know the atomic weight of mercury to be iiOO and 
that of sidphiir'JJiJ, therefore, llieeomljined atomie weights 
of the two atoms after thefimve united to form one rntde^ 
ciile of Vermilion is 1^12. This eaiujow Ik* jjut in the form 
of an equation: 

200 parts by weight ITg + parts by weight sulphur 
->232 parts by w^cight llgS {VernuJiou), 

18 pgrts by weight Water,2 parts by weight 11, hy* 
drogenj-f Id parts by weight 0, oxygen. 
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Th<3 weiglit of a molecule of any substance is the sum 
of the muglit of its constituent atoms; * 


Sulphuric neidj ILSO, 


s ,0 


= 9a 


M’hoii there are more tljuii (me nlom ut the same kind 
J^o^taill(!(l ill, a molecule, the number of such atoms is 
then designated liy writing this quantity as a subscript 
to the symbol. Thus the formula of water i^ usually 
written as and not UOII. 

The niimher of nioleeiiles of any one kind is signified 
by a coeKicient, t!ius‘three molecules of water are written 
3IL0. 

Sueli materialM us soiveiits (most (-ommoii of which is 
water) or catalytic agents {cat<^jjiic aunUs are materials, 
which' aid or hasten chemical action but, which, them¬ 
selves, undergo no permaTient change), are not included 
when writing oqiinKoiis. 

Equations can «niy be correctly writtenVIicn the com¬ 
position of each reacting substance and 'tJie resultant 
products are 

In order to more clearly understand aud correctly in- 
terpfetate a chemical equation must more closely 
study tfn^ aloios autl tlu‘ juirt ifiey.ijhiy in rcuctions. Ally 
clement, wdiich combines wdth, or repliv^es, an atom of 
hydrogen, atom for atom, has a vahnet' of one* The 
atoms of some elements combine with, or rejplace two 
hydrogeikatoms: it is then said to be dii^aleitt. Oxygen 
is an example + 0 Other elements as Alumi- 

nium have a valence of three; AlCl,. Some elouuints, 
as sulphur for instanc(*, have a valence of two in hydrogen 
sulphide, H.R; in sulphur dioxide, SO,, its valence is fouY, 
and in sulphur trioxide, SO.^, Us valence is six. The 
valencios of the elements are given on page 14R, in the 
fourth column opposite each element. 

\V1ieii writiifg chenMcal eqnaiiniis, <oiIy tlie symbrds of 
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Ihe elemeutB are used, tliewe Hymljok Iheii fepresent defi¬ 
nite quail of all sul)ptaiiees taking part ill the reaction 
and mu^^t appear in equal amounts on each side of the 
erjiuaiion. We must halanre all equations, i.e., 

ZuS + 2TI0I ZnCU + JI.S 

f)5+:|2 (2xi) + (^x:irhf)) Cr>+(2x"ri.5) + (2x3)+'-^2 

Til 

m i7d 

TIjjs euiialirni would be wj'oiig if wriHen: 

ZiiS + HCl-^ZriCL + H,R. 

It sliouid jje observed, that equal amounts of Cl and H 
do not appear on each side cjt the equation, therefore this 
equation cannot he convcL 

Many equations are yi^xrr,sibln, tfrat is, certain T;ondi- 
tioue under which the reaction takes place will peimit the 
reaction to proeeed in either direction, it is then written 
as Wheij any one of th^ substances are 

removed froni'the field of action, this prevents the equa¬ 
tion from Upcoming rev(^mble. Ordinarily one of the 
substances formed is au insoluble precipitate or is elimi¬ 
nated as a gas from the ivaetiou, thereby preventiug a 
reversible reai-tion. 

All eliemieal r* letimis can be I'epreseiited by five equa¬ 
tions: 

L DIRECT COMBINATION (Synthesis), 

The substauce*s A and 1> united form AB, A + AB. 

JJ, DECOMPOSITION (Analysis). 

A cmnijoiijul siib.st.aj]ei' Al^ is decomposed into its com- 
l»fluent substances AB ^ A,+ B, 

III, SIMPLE REPLACEMENT, 

The nniiprjiind sul^slanee AP> is j'eaeled u)ion by a 
simple (fiJ^stanee i\ r has stronger attraetjon for A than 
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has B and in cong<Miaenoe will sabstitute or replace B in 
the compound AB, 

AB + C-^AC + B, 

IV, DOUBLE REPLACEMENT (Double Decom¬ 
position), 

JVo compound substiuicos All jmd CD react with each 
other. In this instance A unites with (■ and B with D, 

AB + CD^AC + BD, 

Double replacements arc {ioinmon in solutions, 

V, . OXIDATION AND REDUCTION (of little im¬ 
portance in color chemistry), 

■If the eomponnd substance AIL is treated with the 
simple substance two compound substances AE^ + CE 
are produced. 

ABj + 0-^ AB, -b (’B r-- Hr.flurlioii, 

■\Vlien adding J") to two compound snbslanct^s AIL and 
(■B two coinpound substances AB;. [-01). are iirodiiced, 

AB, + OB + 1)-^ AB, + = Oivlatwn. 

Most clicmical reactions lake place when in water solu¬ 
tion, nllbongh llic water itseU' does not react. Water 
sfdutions of difletvjit salts diflTer greatlv in their pow'cr 
to conduct electric current, Soluiwits are classified, ac* 
cording to their conducting jjower as and von- 

fUidrohf{(^s. Illecfrol^des are more active cly'niically 
than ROU'Clcelrolytes. If a solution of hydrochloric acid 
IICI is olcctrolixed the hy;*.ogcn atoms and chlorine 
atoms become dissocifited, and receive opposite electrical 
chargeSj IP and CP* When an atom (or group of atoms) 
carries an electrical charge it called an ion. 

The hydrogen ion carries a positive charge and the 
chlorine ion a negative charge, ITydrogtm and the metal¬ 
lic ions carry positive charges and the -non-mctfulic ions, 
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uegative cliargoH* Tbe DTimhcr of cliargcft earrietl by an 
ion is namerically equal to its valence- 
Thus: 

Hydrochloric acid liCl-> 11^+ Cl’, 

Sulphuric arid ]T,KO,-> H*+(SO,)-, 
Water H,O^H^+ (OH)-- 

Atoms and ions should not be confused ^vitli each other. 
An ion lir,R an electric charge, whereas an atom has not. 
An ion may also rnchide a group of atoms, in sulphuric 
acid the two atoms of hydrogen are both ions, but the 
radicle SO, carries two negative charges. A ^tidide is 
a group of rlenionts winch hold together in chemical re¬ 
actions, acting as if the gt^uip were a single eleinuit. 

An aci4 is a hyilrogen compound whose water solution 
contains liydrogeti itms, Kvery compound in which hy¬ 
drogen is contained is not an acid, it is only wdien the 
water solution of the compound gL\Gs hydrogeti ions. 
This hytlroge*' ion is responsible for tiie characteristic 
sour taste antf turning of blue litmus to red color. A 
stroyifj acid is one in which the molecules are strongly dis¬ 
sociated into ions in solution. Other acids are termed 
weak acidu when their molecules are only slightly dis- 
sociatcji in solution. L^ke the acids, the strength of the 
hones is dependert upon the degree of ionization in solu¬ 
tion. 

Water practically iindissociated and therefore, does 

not giv(?either acid or basic reaction, 

« 

IlH (Oll) -^HjO‘ ^'^utra!i^afio^t occurs. 

■ 

by the union of tiie positive II" ion and tbe negative (OH)’ 
irm. 

Like charges repel each other^ unlike charges attract 
each other. 

It is wrj" important to closely study the names of 6ub- 
stances in connection , with their reactions,, as these will 
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aid recognition, should explain their composition and the 
relative proportion of tlieir elements. 

When naming a compound substance, the metal con- 
stitueiit if present, is used adjectiveljr with the other 
component part, to which latter, if the compound is com¬ 
posed of hut two elements, i.e,, a bmary compound, the 
ending -ide^is applied. Thus zinc oxide, ZnO, copper 
sidplilde, LhiS, AVhen there are two eonifmiiuds of the 
same elementH, as of mercury and chlorine, whiire in the 
<me there is a higher chlorine content, namely TTgOL, 
the suflix -ic is given* tlius mercuric chloride, , 

In the Attier compound of these two elements iu which 
the chlorine is less the -ic is replaced by -ons, thus mer- 
cirrous clil{)iide* llgfh 

Sfunetimes in order to expiTss projiortionw or rali^JS 
of the clement contaflned in varying amounts the prefixes 
mon-, di-* tri-, etc,, are used, thus carbon monoxide, CO; 
carbon* dinxiile* (Tj. siilidiiir trit^xide* SO , carhnu tetra¬ 
chloride, (X'l^, etc. 

Many radicles are given spt^'ial names Vliicli a3 0 used 
as if the groii}>s wei'c single ehnnents, Dins Die radicle 
{OH) is termed hydroxyl: (CX) cyanogen: (NH^) am¬ 
monium. (Vnnpoimds coiitaining these radicles follow 
the rule for the naming of hiiiaiy com|>oniids; Dins 
NaOIT^^^sodium hydroxide: KdX- ladassiimi cyanide; 
(NK^in -rammonium chloride. 

Compounds containing three elements are jcalled ier- 
nary cowpoiwids. The name of a compound ccKitainhig 
jhree or mon* lOemciits ntdieli^s) usually cuds in 
-TE, as sodium sulpiiocyanate, Xa{('N)S; or if all,three 
of the elements arc inrlicatod the name may end in -IDE; 
thus jinlassiiim borfjfluoi'ide, KJiF^. AVlieii a Diinl ele¬ 
ment of the compound is notMiamed it is understood, 
that thi^i third element is oxygen, thus copper sulphate, 
CUHO4, contains copper, Rulphnr and oxygen. 

The name of acids aiid salts are also giVen various 
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oiidiii^^s and i>refixGs^ ihm if tl)p acid ia A binary com- 
liouiid it loWaww tlie rulo of namiu^c siicli a coinjmiiiid, 
recciviiij^ the ending -IDE. Tima hydrogen chloride^ 
JICl When in solution, the prefix hydro- and the end¬ 
ing -IC is given, as Hydrocljloric acid, IKT. The names 
of the salts of these acids end in -IDE having no pre§x; 
1hns so<]inm ehhn'ide, NaCl, 

When an acid contains oxygen, which is not mentioned 
in its naine, it ends in -IC; thus sulphuric acid, lisSO* 
and wlien named as a teniary compound the ending -ATE 
is used, thus hydrogen suliiliatc, ILSO,, The salts of 
these acids have names ending in -ATE, thus ecj^fier sul- 
])hate t'uSO,. Salts eTmlaining tlie sulphate radicle— 
S<>^ are termed thus copper (hiSO^; 

jiotassiuin K^SU^; etc. 

Acids having a lower oxygen content Ijave the^ suffix 
-OUS, tiius sulfjhurous acid and when aamed as 

ternary eonii oinuls receive the sntii:: -ite, as hydrogen 
sulphite, iljSt).. Tlie salts of those agds end in -ITE, 
as sodium sulphite, Xa^SO;., • 

TI’jC prefix per- and the. suffix -ic is used to designate 
the higliost oxygeii ratio in any acid thus Perchloric acid, 
The salt of this arid koei>s the prefix per- and 
ends ill-ate, tlius sodium i^erclilorate, Nat In,, The ffeids 
M'itli tfie lowest oxygen content end in -ous but have the 
lirctix hypo- as hypoclih^rous acid, lUdt^ named as a 
leinary comfiound the ]irefix hypo- is retained. Avilh llio 
ending rite, as liydrogen hypochlorite. Salts of these 
acifls have the ^irefix hypo- and end iii 'ite as sodium 
hypochlonte. 

From the aiuA c if is clearly seeu ]jow very necessary 
and im}iorlanj is the correct spelling of chemical names, 
and under no condition should abbreviation lie made. 

C’misideratioii will now be given to the most important 
elemenit and their cijmpounds; also taking up certain 
react ioiti* and chemical la Wifi, which will he found of 
much value and liolp in studying the pigments. 
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0XYGEN--0 

Oxygen is tlie most abundant elemenl on tbe oartli, and 
was discovered in 1774 by Jos. Priestly. Free Oxygen 
is a constituent of the air. Air is a mixture, composed 
of about (by volume) 7S percent nitrogen, 21 percent 
ojyvgen, and 1 percent argon, carbon (lioxide and traces 
of other substances, the amounts varying slightly in 
difTerent localities. Water is composed of oxygen united 
witli liydrogen, and in combination with other* elements 
oxygen comprises about one-half of tiic earth ^s solid 
crust. It is also nil importuiit constituent of all plant ^ 
and aiiinpial bodies. 

Pure oxygen is a colorless gas without t^ste or odor, 
skghtly denser than air. ^If cooled sufficiently under 
jiressure, oxygen condenses to a liquid, as do other gases; 
it camalso be solidified by increasing the pressure and liy 
still furtlier lowering tlic teuiiierature. 

Oxygen combines readily with most all other elements 
to form compounds of these elements, known as orides. 
When. ox5"gbn unites with otlier elements, termed oxi- 
i/atiatt, this is accompanied by an increase in tempera¬ 
ture. 

When W'e breathe, the oxygen of the air causes oxi¬ 
dation to take jilncc wilhiii our body, tlicrcliy giving the 
body its temperature; likewise a simil;^ oxidation takes 
place through the decomposition of organic substances, 
such as plant and animal matter. At ordinary tempera¬ 
tures oxygen does not readily react with most elements, 
but with the increase of temperature its ad ion becomes 
more rajud, accompanied'usually by light andjieat. 
Wiieii the reaction pnotiuccs sufficient heat to cause glow¬ 
ing, the temperature at which the substance takes fire^s 
said to be its femperrJurc. Ordinari/ burning 

is therefore an oxidation accompanied by noticeable 
light and heat. We find, that oxygen is required when 
most substances burn, and it is therefore said,'that this 
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gas sapports combuf^Hon. When the heaf produced by 
slow oxidatifofi can not escape and accumulates, thereby 
rapidly raifiing tlic temperature to kindling, spontaneous 
combustion takes place. 

Many elementw combine with oxygeii in various pro¬ 
portions, thne carbon (C) unites to form CO and 0Q-; 
iron, Fe,-^FeO, and Fe.n^; sulphur, S, and 

etc. 

According to the number of atoms of oxygen in the 
molecule, these various oxides are called: 


Monoxide !0 carbon aujuoxidr 

Dioxide .carhniL ^//oxido 

Trifjxid^.(dn'omiiim /r/oxide 

Tetrachloride.COI4 carbon /c^^uehloride 

Pentoxide.PiOj phos|jhoruus pcefoxide 


(Compounds with hjwer oxygen content, reieive the 
eliding -ous, thus ferrous oxide, FeO; and those uS higher 
eoTiteiit <nid in -ic. ferric oxide, FcmO;,. , 

Most of llu- oxides are solid suhstances*at tu'dinary 
temperatures, as the oxides of the metals; others are 
fluid, as water; while still others are in gaseous condition, 
as the oxides of earlioii Vi) and 00^, sulphur dioxide, 
SO 2 , etc, 

’When we burn such materinls as wood, coal, oils, etc,, 
we have Imt little ash I'emuiniiig, These organic sub- 
stances, wliicli ai'e mostly compounds of carbon, oxygen 
and liVfb'ogeii yield, uiion ctmihustion, oxides in gaseous 
form, (('0. anddlJ) in vapor form)- The asli is mostly 
composed of nucombostihle miner h1 substances* 

Ozonr is a very active form of o''ygen, 

NITKOGEN—N* 

Nitrogen is a colorless, tasteless and odorless gas, 
slightly .lighter than air, of wliich it is the clfief con¬ 
stituent*. When cooled to 11 luw temperature under pres^ 
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sure, iiiti'Ggoii' flukl anil then solid at still lower 

temperatGTo, it i id or iiioroHsed pressure* NJerogen does 
not unite directly m\\\ Imt very few elements and at ordi¬ 
nary tempenilnro is ifidiffoiviit iowartis almost all flub- 
staiiees* 

JJitrogcii was rmignized by Antoine Ijavoisicr to be 
^an element,, ilnring tlio latter i>iirt <jf the eighteenth 
eentiiiy (1772). 

The two compoiiuds of nitrtjgeii, ammonia, NH^ and 
nitric acid, IINO.-t* and their several related compounds, 
will be taken uji later. 

Nitro^n forms five oxides, the three most important 


of which ajT 

Nitnjiis Oxide .K^O 

Xilrie Oxide .NO 

Nilrogoji T'ernxhle.NO^ 


Nitrons oxide XJJ is used as an anesthetic, known as 
Tlie other, oxides of nilrogen art* iiidin[porjaiit. 


Xitnms Anybydride...N^O^ 

Xitrie Anliydridt*.X^Oj 


WATER--H,0. 

^Vater Is toje of tlie naist fdAiudaot efjmj>oiii3d sub- 
stanees foiiiul on tluj earth, the surTiee of wliieb is 
covered over three-fonrths by the (K-ean and everywlioro 
wo find water one rjf ilie most (essential necessities to 
plant and animal life. 

AVatev freezes at 0f ^ soljdifit^s to ice; (‘vaporates at 
all lcm]iera1 lives, boils at l^HPC and if beat Is still fur- 
ther applied the Asa(*er is c<ni\Trted into steam. The 
unit of measurement for beat is called a cflf/oric.t 

* Tht CVrilijjTfiao of toinjitTUturi' h unt'd through 

out tbifl book, t-xf-f'ct itthmvifio "09 f(^f tuhli 

of convLTHiou of Ci'iitiffi'inJo to Fjihmihrit, P^F) ilop'Orn.); 

fA mlorio is the iiuiouht of Jn-at miuin-jl to the Ceiurcralun 
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Natiinil wRlorM arc m*i chemically 3>urc wafer, as 
lliese contain many iHssolvod Kuhatanceii. Hard water 
is natural water pontaiuiiig^ largo amounts o( dissolved 
substances, soft wafer lias very little ffjreign matter in 
HolutioiL Wlieii wafer is converted into stoam, these 
substances wliicb were in solution remain as solid i^esi- 
due. The well known boiler scale is an exjtraide of sucl: 
resi<hie. 

In Ollier to (>)dain luire water w(i distill tbc natural 
waters. Tlie distillation of water is very easily accom- 
J^lisbc^l, tile water is boiled and the steam then led tliroiigl) 
a cooled liiluj in wliicli it condenses and dropft into the 
receiving fkisk as laire water, 'I'he suUds and li<jnids 
which were in solntoii in tbc wafer and wldcb liad liigher 
brdling ijoints than the water reinani tjcliind. Substances 
having bnver boiling points than \t'ntci' are tiistHied off 
before tiie water, For example in a mixture of alcohol 
and water, tbc alcolnd would entirely distill off and then 
with an incria.se of temperature the \^atei; would distill 
over. "We will see later bow tliis distillation plays an 
iin]inrtini1 jmrt in tln^ fractional distillation of crude 
petroleiiin oils, etc. 

Wliciicver iniirr is ineelioiied in this book it is lyitlev- 
stooik that only pure distilled water is meant, Disfiiled 
water does leave any residue after evaporation* 
Hain wafer is natural distilled water, but contains im- 
imrilies rtdhTtcMl fnmi the dust in the atmosphere. 

ManV substances absorb moisture from the air and 
arc sai<l, tlierefore, to be Inff/rosropie. Such materials 
MS ofilcium t-hloridts caustic pojasli, lime, siilpliui'ic acid 
are very hygrosco])ic and are uscit often to dry gases or 
'air, for certain purposes* 

nf ttiif* prwm of wnter anv !■">'’ C, Tlie Britiiit) Thormol Unit 

(B- T. r.) is tin' t'urrpfqKmdinff unit wf tlio KnjjUsh s\!iti;t"T ^1'^' 
TL'ijuiroiL Jo niihL' llio ti'iiipL^riitiiro of a jmiiinl of V\:ittT cnR‘ r*llin‘n- 

hoit* 
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Water combines Avith many comiwund substances cans- 
ing a rearrangement of the atoms* ' 

Many oxides unite directly with water and form the 
so-called h^fthoTidcs^ also called hydrates. 


CaO + 

riiTfium Oxiilo 

Na„0' '+ 

Sodium Oxiilo 


ILO ^ (^a(OII)j 

AVatCr euidum Jlydrosido 

HjO ^ 2NaOH 

"Wliter Sodium ]1vdro\ide 


The oxides Avhicli with water, form bases are called 
basic oxides* Xot all the hydroxides of elements are 
formed bytthe action of their oxides iu Avaler, hut can he 
prepared in other ways, Thert^ exist oxides and hydrox- 
ides,of most all elements, * 

Many oxides unite Avith water yielding solutions, which 
have eharaderistic pVoperties in common with acids. 
These oxides are called acidic nxides or anhydrides of 
Ihe j'cspective mid Hiey form, thus 


Sulphur tripxidV, SO.. (nTiliydrid<‘) 

* (SiiTJitiiirir And) 

Nitrogen ]>eiitoxiik*, NjO. (aiiiiyflritle) + If.O -» 211 NO. 

(Nitrif A<dd} 

Pliojpliorous poiitoxide P^Oj (aiiliydricle) +311^0 
2 lkPo' . ' 

(I'liospliorir Afid) 

The elementSj Avhose oxides give hases^ are called met- 
aVk tdements, those Avliose oxidi's gi\'e acids a^'e called 
non~mctull\v elements. 

Other Avelbknown acids arc: 

Acetic Acid.l^C.KrtO^) pres(uit in Adiiegar; 

Tartaric Acid -^r 2 (CJl 40 it) acidity of wine. 

Citric Acid.found in the ,iuicos 

of lemons, oranges, limes, and several other 
Icinds of fruits. 


Acids are substances containing hydi'ogeii, AYhh^li may 
he reulaced bv metals and whose Avater solutions have a 
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sour taste and turn litmus red. Litmus is a Wue organic 
dyestuff, i^iich is used to test for acidity. Paper dyed 
blue with litmus is changed to red in contact with acids; 
this red litmus paper is then luviiod blue when in con¬ 
tact with buses. 

Substances, whose hydrogen cannot he replaced hv 
nictaJs arc not classified as acids. « , 

If a piece uf metallic zinc is }dace<i in a dilute acid 
(a dilute acid is a weakened water soluton of an acid) 
hydrogen is evolved and the zinc is brought into solution. 
This reaction continues until hydrogen is no longer 
evolved, the sour taste and tlie acid reactioi>*?m litmus 
are no looker evideiit, Tlic acid is tlien said to have 
Iwomc nrof/rfdt^cf/. If ttiis neutral solution is flien 
evaporated, a residue is obtaljied, which is termed the 
salt of fitc weiaf, A salt can tliVrefore he defined as 
a metal combined witli an arid radtclr (the molecule 
roniainiiig after tlie hydrogen hasiieeu r(‘mo\’ed, tlius 
SO^ is the ^a‘id radicle of sulphuric Acid^H.SO^), 

Metal + acid salt of metal + hydrogein 

Zii + ILSo, ZiiSO, f IT,, 

Ziiic Suliiliurit* AHU 7Aiic SuljihilT^^ llytlrop'h 

The salt is usually found dissolved in water/’with 
which the acid was diluted and receives its name from 
the acid and in^tal fr<jm which it was formed* 

Tims; 

Zinc Rulpliate—ZiiSOj 

Silver nitrate—AgNO;. 

Load a-‘ct \U\ etc, 

• , * 

This transposition of the mcla4 with the acid radicle 

.is not always possible by direct combination, of tlie acid 

with the metal, as certniii acids do not react with every 

metal. This exchange can then be made to take place 

indireatlv, 

( '' 

solid substances; a number of whicb are sol- 



AHTISTS’ PIGMENTS 


lfi4 

able in watorj mit of 'which solution they crystallize, upon 
evfipomtioii of tlio ^vater. Many salts in crystalltzinfl; 
from 'Water solution unite 'jvith u tlolinito quantity of 
water, called wafer of rn/siallUafioHj which ^cives shape 
to the crystal formeih SucJi salts ai'o often called hy¬ 
drates. Copper snlpliute {Idiie vitriol) contains water 
crystallizaptioin When heatetl tljc water of crystal¬ 
lization is driven off, chanjf^inp: the blue crystals into a 
white powder, called anhydrous copper snlplfale. A 
similar salt is washiji^ soda, which if exposed in dry air 
will lose its water r>f (*rystalliKalion,'lavomiii^]; covered 
with a lin^ white }VAvdev. Sueh,sidmlanees are calh^d 
fffforescent which wJu'n eT^iost^l to air, -losi' tlieir 
water of crystallizatirun tUher suhstances, as we Ijuvo 
seen (pn^e Ifil) ahsoyh moisture from the uir and are 
said to he hiffftosropir. If tiiey alisnrh sutlicieut moist¬ 
ure frtnij the air to (;iiuse them to hecoine wet or dissolve, 
tliey are sai<l to fie dHi^pusm/f iind an-, in cousequeoce, 
often employed as drying uMcnis, for instSnee tn kceji 
the air or ^ases free from itiojsliirt^ in certain instru- 
iiienls of precisioiL 

All inm-metallic elenn^its form acids- Tfie most im- 
liortitiit are: 

Sul [dill ric Acid—irSO,, 

Nitric Acid—lij \<* 

JIvflroehloric Acid- -iIt 
Cnrhonic Acid—li.CO.,, 

Piiospljoric Acid—I h.P^ ' 

Arsenic Acid'^TI.Ast 
Ihiric Acid— 

Acids of the otlier nou-ineialhc elements {Silicon, 
Itoron, etc.) and some of 1lie acids of thi' metallic ele¬ 
ments will be taken up later, 

SULPHURIP ACID^H.SO,, is a lu^tivy, oily, color- 
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](i8S and ()d(>rlcH8 which boilK at 338°, The ordi¬ 

nary ccnnmercial sidphiiric acid, called oU of vitriol is 
nearly twice-as Ijoavy an water* Kiilphuric acid, ewpe- 
rially when concentrated, absorbs moisture from the air, 
and is in coiise^jueiice ol' this <lehydratiii^ prnpei'iy, fre- 
UUeiilly made use nf in drying!; etc* 

Many organic .siihsjances, such as the skiu^ wood, iiapei^ 
Migar, etc, which contain carbon hydrogen and oxygen, 
arc cliafred by this acid. The hydrogen and oxygen are 
removed as water usually leaving a residue con¬ 
sisting chiefly of carhon. 

When dilntcfl witli water con.sidervible heaths evolved. 
li iSj ihfniorr, ncfTs.'io?7/^ir//cj? (Hfuitijff oi? add to^al'- 
u'Offs fioin' ihr add sloidp hit a trairr, iriih rovsla^if 

.sf{rntf//j othryivisr if ihe opfraiio\i h<^ rerrrsed the sud- 
drtf pf'itrrafioit of titf^idruf heat to cfn/sr dcam and spat- 
teiiaa trill ornn\ 

Ihinte snljiliuric acid is less eiiergetie than the concen’ 
Iraled and simtild always be em]doyerl in the laboratory 
I'or ordinary reacticjo-s, ^beiiig safe to Imndlc. This is 
likewise true cd' nitric aeid and liyilrochloric acid. 

With metals, suljihiiric acid forms tlie corresponding 
iindallic sulphates, t!n^ nn^t commmi of wliieli are soluble, 
eMa't^t four viz,: tlie* sulphates of barium, wtrontinm, 
calcium, and lead* These four insoluble sulphate salts 
are all important constituents of color pigments. The 
iiisolulylfly of barium suliihale is made use of in the dc- 
tof fiou tff fhr snlphafr ioft - SO\ * A solution of harium 
chloride when a<hled to a sebition of any soluble snli>bate 
salt'wili precipitate barimi^ snlvhaie as an iusolubie 
white jmrijijiate, easily idiailitied by its white color, in- 
solnbiliiy in water, dilnje acids autl alkalies, 

Zn-SO -t- Ba-tCl ), ^ RaW), -b Zn^MCl ),, 

yAnCr Sijplinlr n:irnim (lilorido nariniM Sul|rhiiU Ziim- Haoridt- 
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Sulphuric acid acts as a typical acid Tiritb metallic 
oxides and bases, forming water and sulpliaT;es: 

7 m 0 + H2SO4 + ZnSO^, 

2NaOH + II,SO| 2E^O + Na,SO,, 

^Iphuric acid is employed in preparing many acids 
from their salts, thus: 

2N£iNO, II.SO, Na,S 04 + 211X0;^ 

Sodium Nitrsito Kitrio Av\\{ 

I 

The boiling point of sulplmric acid*beii]g higher than 
most eoimooii acids, permits the iiitric acid formed in 
this instance, to be distilled off. 

NITRIC ACID — HNO.^, kliowii to the alchemists as 
aqua forfh is a colfu'less liipiid at ordinary temperature, 
boiling"point ainVis a rrrif strong arid, that is when 

dissolved in wafer it becomes bigbly dissociated into ions. 
CommeiVial nitrie ^Irid slowly decomposes, the solution 
becoming yellow ^n color. Nitric acitl fnnaes when ex- 
* posed h> air and has a cbaracteristic piercing odor and 
even in concentrates! ftjrm is exceedingly active. The 
skin, wool and wood are colored yellow by fins acid, de- 
comijosing these organic substances. 

Nitric acid reacts with mos! roctals forming the cor¬ 
responding metallic nitrate salt. Dnrijig thi.s reaction 
poisonous brown fumes of nitrogen oxides arc evolved. 
Nitric acid is also a powerful oxidizing It is 

used pxteu^'^ively in the mainifactnre of dyes. With or¬ 
ganic bases it forms unstable .salt.s and fihds wide appli¬ 
cation indiistrially. relhdf.4d is a mixture of iVfro- 
cellnloso and camplan^ 

Certain nitrogen ccunpoiinds containing carbon, oxy-, 
gen and hydrogen are exccedmgly unstable, forming 
gaseous products wlien subjected to even a slight shock. 
Explosives such as nifrogbfrrrtar, roffon anjj dt/na- 
mite are examples of such unstable nitrogen sJalts. 
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Ordinary saltpeter is potassium nitrate, Chile salt¬ 
peter is fo»nd in large quantities in Chile and is prin¬ 
cipally sodium nitrate, from which nitric acid is made. 
Calcimn nitrate is a i>riiK*iphl constituent of plant ferti¬ 
lizers. 

Ilydrochlonc acid is oxidized hy nitric acid, during 
which ivaction nascent ehlorine is liherated-^ Aqua regif* 
is a mixture of nitric acid and hydrocliloric acid. It is 
used to dissolve gold and platinum. 

Hydrogen Chloride—IfOl, is a colorless gas, with a 
sharp penetrating pdor, exceedingly soluble in water, the 
water solution of which gas is commonly kno\vi as Hp- 
ffroehloric arid or nutnaftr arid. The liigh solubility of 
hydrogen chloride gas is evidenced when the moist hroath 
is blown over the acid, the condensed particles of mois¬ 
ture appearing as a while mist or-fume. ConcoTitrated 
hydrochloric acid wlien exposed to air, fumes for this 
reason. 

Hydrogen chloride gas when iliy, dpos not show the 
characteristic, acid properties so marked ^ii flic wafer 
solution of this gas. 

Ilydrodiluric acid dtjcs not react with the five metals, 
mercury, silver, cop])er, gold, and ])lafiT)um, hut with 
most other metals il rcMcl^ readily, forming the respect¬ 
ive metallic clilorido sails. 

Zn f 2H<"I - ZuCL + IL. 

Zinc llvilrochluric A^'i‘l YArv I'liIarMe 

All the coumun^ chlnride salts arc soluble in water, there 
lieing three principal e.xrcp'ions, namely silver chloride, 
lead chloride and mercurous cldoride, 

, The te.^t for the rldoride ion Cl~ is based upon the in- 
soliiblity of Rilvei' chloride. If to a solution of any 
ffoluble chloride, we odd a solution of silver nitrate, a 
white curdy precipilnte is formed, which darkens in the 
light aifd which,-owiiig fo its insolubility in dilute nitric 
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acid, is readiW distinguished from any other precipitate, 
which may form. This test, together with litmus paper, 
serves as a detection for hydrochloric-acid. 

Hydrochloric acid is extensively used in the prepara¬ 
tion of chlorine from which blcachuig poivdrr is manu- 
faejnrod. 

CHLORINE—Ch is a typical non-metallic element, in 
gaseous coiulitioii at ordinary Icmperatures, partly sol¬ 
uble in water, of greenisli-yellow color w'ith an intensely 
disagreeable odor, rJircediffglp poisovous, readily attack¬ 
ing the membrane of the nose and litpgs. 

thlori^lj^ is used priiieipiilly for bleaching and disin¬ 
fecting. Chiorlfh hf !i}ne (bleaching powder) is a well 
knewn disinfectant and bleatlung agent, its action being 
due to the liberation of cddcnhie, oecuring upon ex|V)Sine 
to air,,or when treated with any common acid, riilorinc 
does not directly Idcacli dyes tn- kill mictoscojdc organs 
isms, luvt by setting <^xygen free, the nascent oxygen f>e- 
comes the active jirinciplo. 

Sodipm chibride—NaCl, nuawutt .‘ifdf, is the most abun¬ 
dant compound of chlorine in mature. 

As a group Oilorine, Iodine, Jtromiiie and Fluorine, 
rcjiresent an interesting study. They are kiujwu as tlie 
halof/ntfi {salt formers) as tliei* unile directly witli a large 
number of the metallic elements to form salts. 'Their 
cliemicaJ properties vary in proportioil to their atomic 
weights and classed tfjgother, represent a ]>erfect chemi¬ 
cal group. 

BROMINE—Br, is a daih hrowinsli-red lifjuid, alujiit 
three limes as dense as wakr, Avith a pungent odor re- 
sembiing chlorine, l^'omim^ unites directly xeith a hum- 
ber of elements to f(n'm the rcs)Jcctive bn^mides. It is 
of little importance in the m?jTiufacture of color pig¬ 
ments, being sometimes used as an oxidizing agent in 
making certain dyes. 

IODINE—I, is a steel gray solid, only v^3r>;SlightIy 
srdublo ill water. I'cadilv soluldc in u water solution of 
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potasBium iddide, alcoiioi, chlorofom arni carbon disul¬ 
phide, Ti^iure of iodine is an alcoholic solution of 
iodine. Iodine vaporizes slowly at ordinary terapera- 
iiires arid wJien heated, this takes idace more rapidly. 
If the vapor of iodioe thus formed, is cooled, the solid 
element is again obtained. When solid substances can 
be distilled in this manner they are said to be sublimed 
lotiiiio comljjnoK directly with many elemeitts forming 
iodides.. Starch is colored blue in presence of iodine, 
this reaction is made use of in testing for either starch 
or iodine, ' 

4 

FLUORINE—F, is tlie most active element lymwn, re- 
HctiTig with priU'liciilly ail substances, Fiuovine, at ordi¬ 
nary tempeuMtures, is a almost without color and 
much more ]niis<ni(Kis than clilorinc. 

Calcium fluoride, fhtor spaf% is used in the inanii- 

fneture <d' (jpalescciit glass, Whe^n floor sj^ar is treated 
witli snlpburic acid, hgdroflnoric arid —IIF, is,formed. 

(’aF, + H.SO, ^ FaSO, d* 2HF 

This must be prepared ig a lead, platinum, or wax dish. 
The water solutoii of Injflrogeu fiitoj-idc, hgdropuoric 
acid, is used for efehing glass. Sodium and ammonium 
fluoride solutions are als^> used for glass etching, * Ily- 
drogfin fluoride gas w'ill etch glass to a dull tinish, tlie 
water solution vill leave the otclied surface glossy. 
Hydrogen fluoride is extremely poisonous and danger¬ 
ous to hftndle, causing painful wounds which heal very 
slowly, A deep breath of the gas may cause ^leath, 
CARBON—C, ii n(in-me*allic element, which forms 
numberless compounds with iiydrogen, called hgdrocar- 
i^ohs, FomiJOunds of carbon with iiydrogen and <^xygel^ 
'nitrogen, chloriue, sutpliiir and other elements arc made 
of special study in the branch of chemistry, called organ¬ 
ic chrviist rg. 

Carbon is pcadiaps in many respects, the most im 
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portant elem!er.t. Both plant and animal organisms con¬ 
tain carbon in the tissues in the form of an organic com¬ 
pound. Fat is composed of cafbon, hydrogen and oxy¬ 
gen. The muscular tissues of animals is composed of a 
class of substances, called protcitis containing carbon, 
h}*drogen, oxygen, nitrogen with a small amount of other 
eleihents. , 

' Carbon is iound also uncombined, in three (Ulotropical 
forms, as coal, graphUe and diamoniJ. None of theso 
forms react with either acids or bases. Tn nature, com¬ 
pounds of carbon arc very abundant ns the carbonates 
of certain metals and also in the air ns carbon dioxide, 
CO.. 

CARBONIC ACID—H.CO — h a weak acid, ex¬ 
tremely niistablo, brcakmg up into carbon dioxide CO^ 
and water IIoO, 

H,CO, ^ ILO + CO,. 

l^ein^' a weak arid, carbonic acid is readily set free from 
its compounds by most other acids: 

OaCO, + 2HC1 ^ CaCI, + (H,0-fC0,}. 

Piili him rjirtutiJn'ilf nibride t'-nrlion 

Carbon dioxide—CO- i« readily prepared by treating 
a carlKJuate witfi an acid. Ordinarily calcium carbonate, 
llic cldcf cmislihieiii of liwrsfotjr, v}arhU\ n'hiiiufj and 
rhalk is used, it being inexpensive and very abundant. 
Most of ilie carinmates are practically insoluble in 
water* TJie most eornnion soluble carbonates being those 
rf sodium, potassiuTn and amimmiin 

Carbon dioxide is also pr Hliieod in nature by the de¬ 
cay of jdaiit and animal matter, the oxidation going on 
in animals and plants and during the combustion of all 
ordinary fuels, wdiich consist ehiefly of carbon. The 
carbon upon burning, combines with tlie oxygei\ of the 
air, forming carbon dioxide: 

0 + 0, CO,* 
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Carbon dioxitle is therefore ah\’'ays present in the aiI^ 
Some natiifal ^^aters contain coiisjclorablc of this gas in 
solution, and.unless kept in tightly sealed containers-the 
gas is driven off, tiie water becoming p.ffrrveficmt. 

Carbon dioxidty is a colorless gas yith little taste or 
odor and is about one and a half times as dense as,aii . 
This latter property and tiie fact that it do^fi support 
{■rmhiisfion is made use of in oxtingiiishiiig tires* At 
ordiuart^ Icmperatures carbon dioxide is readily liqui- 
bed by pressure* ' , 

Being a product of onmplete oxidation of carbon, car¬ 
bon dioxide is inert towards most oBier substances* 
(^nbon tli^^xido— COhj, is unf poisonovi^j as is the mon¬ 
oxide of carbon—CO* 

Carbon monoxide—CO, is an <Kh>r1ess, colorless gas, 
sliglitly lighter tiian air and almAst insoluble iv water* 
It is jinjdiiml Iiy the iiicomidoto combiislioi; of carbon, 

^ ov -i- (C-^2CO* 

The reducrioi! of carbon dioxi<lc: 

00, + 0 ^ 2C0* 

and by the reaction of steam and reddiot coal 
r -r Jl/1 h CO* 

The last method is used efminicrcially in the oiann- 
faet.ure of H afrr {fas <if which carb<ui monoxide is an im¬ 
port aiii eouslitueni, 

PHOSPHOKUS—P, is r-ontained in the bones and 
teeih (d animals, as calciunj plios]>liate* It exists iit 
two allotropic forms, the ivhirf and the refL Phosphorus 
Jmrns in dry air to phosphorus pentoxide—PaO^-^—pro¬ 
ducing dense white fumes. 

Phosphoric oxide—P/)ri combines energetically wdth 
waterio form phosphono aoid^ IlyPOi* 

ARSENIC—As, is a steel gray, cryat^llmc solid snb- 
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stance wit)i mdlallic lustre, vnlatiziiig witli a garlic-like 
odor* The two oxides of arsenic form acids ^nd like all 
urR.eiiie comjwuiidBj arc rni/ poisonous. 

Arsenous oxide—AsuO^, lohite arsenic, is a crystalline 
]a)Wflcr, sliglitly soluble in water, in which it forma 
arsenous acid—K,AsO;j 

As,0, c ' + 3H,0 2II,AsO, 

ATst'uie tfloiido Aroi'Jious Acid 

(Ar^cnoUH uxidi^) * 

Green eojjper salts of arsenous acid arc used as color 
pigment s» 

Arsenic pentoxideJ—As Jis an amorjilions powdorj the 
water solution of which foms arsenic acid—K^jAsO* 

Ar, 0, -f SH^O 2H,AsO,. 

Sulphides of arsenic, As.S. (reaiffar) and As.R^. (orpl- 
mml) arc used as color lugnicJits- 
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This pltimntt.s liavti oue promiiiciit property mi 

t'orimKHi, ijL thai ihi^y rcpliK-i^ Hit: hydrot^eii of noidK, fftnn 
saJts. lii other proiJCvtieH they cliffei**conHiderabl\. 
SODJUM—Na—aiifl POTASSIUM—K. Thewe Wo 
metals resemble each <»tlier very closely, Injth ehcmieally 
and ijhvKK'aliy, They are both very scTft, of silver white 
color and of very b^lit siHscific gravity, being only slightly 
less dense than water* Tlie metallic lustre of'fhese met* 
als ra]jjdl\^becomes dull oji expr^sure to air (furmathm 
of the liydroxide). Sodium aurl Its compounds when 
placed in a colorless flame (lUin^en burner) impart a 
\'ery strong yellow eohir to the flame. J’otassiinn colors 
the flame reddish yiolet, 

Wlieii a piece of these metals is thrown on water, it 

* 

decumiHJses Uie water, tlierehy lifjeraljrig bydregen and 
forming ^torlium htffho.t 'ult j which remains in solution: 

L^Va + liH.O ilNaOII + TU 

Pi>tassinni is slightly more active chemically than 
sodium: 

:?K + JiL0^:lK011+JJ,. 

The iiydroxides of sodium and potassium (^i^da hfe and 
potash lift'} are typical bases. Tliey turn red litmus 
papgr blue. Snhstuiiccs asseiting this property are said 
to have an atkaluie reaciiofL 

, * Solutions of the strong bases alkalies) sodium 

hydroxide (rnas/d' sadi^ or soda hfe) NaUIIj jiotasfiium 
liydroxide ieuKsite jxdash or potash tar) KOlf and am¬ 
monium hjfdroj'ide NJJ^OIl form hydroxides of most 
metals,‘from flieir compounds. Most livtiroxidoH are 
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practically iiis5luble in water and are obtained as pre¬ 
cipitates from solutions: 

ZnSO. + 2KOH K^Sp* 

Zinc Sulphate 

in Eolutioii ^ Sulphate 

ill solution 

This ia an instance of double replacemeut, the reaction 
of the base resembling that, which takes place when sul¬ 
phuric acid liberates weaker acids from their salt^; 

2KC1.+ ILSO, Iv.SO, + 2HCI 

If a solution of sodium hydroxide and hydrochloric 
acid contain amouiivs of each, e run valent to their molec¬ 
ular weights, then this solution will not show either an 
acid'or alkaline reaction. Blue or red litmus paper will 
not change color when immersed in this solution. The 
acid and Imse have lost their characteristic property and 
form a solution, which we call nentfffl: 

HCl + , NaOH 11,0 + NaCl. 

Hj'dochlfl^lc Sodium Soilium 

liydiroxide chlorido 

The liydroxide of a meial, or of a metallic radicle, is 
called a and is not always stiluhle in water. ll<»w- 
ever,'water solutions of bases give alkaljiie reaction. 

The sodium chloride formed in tlie above eijuation did 
not show either an acid or alkaline ri action when in 
solution. Its aolution therefore is termed nn^traL In 
this reaction we employed a droitg and and 

the salt of which, in consei|ucuct\ ha^- Utile tendency 
to combine with the TI* and 0}V ions of water h All 
salts of strong acids w'jtlj stfoug liases act in this manner. 

The water sidutioii of a salt such as sodium carbonate^ 
will not react neutral, but shows an alkaline reaction. 
In this instance, the water of solution has become slightly 
dissociated, + ()H“, into hydrogen iops and 

hydroxyl ions and the sodium carbonate^ (the'^product of 


+ ‘Zn(OH),. 

Preeipitate of 
{tine hydroxide 
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u weak acid, carbonic acid HjCOj) dissociates into car¬ 
bonate 00^' and sodium ions Na*. The carbonic acid 
which forms, is but slightly more dissociated than .the 
water itself. The sodium ions, Na‘ and the hydroxyl 
ions, Oil", remain in solution and are sufficient in num¬ 
ber to give a blue reaction with red litmus; 

(2Na* + CO, -) + 2(H‘ -i OH") ^ H^CO. 

Sodium carbon Hi p Water Carbonic R<'id 

vi'Tv slightly 

‘-h 2(Na + OII-) 

KOdium liydrOTtidc 

All simiUn' salts foj'oiui hy tJtfak acids and siryug 
give (dkalinc rcactiovs in water HoliitioiL Such a 
Hmiigc J» called hgdroliff^is and ^ tlie reverse ^of ncu~ 
iralizaiion. 

Sails formed 1 j>' siroug (icids and neak give 

acid rcifciioii in water solnlnnn lleri' liydrolywia like- 
wise takes pljiee: 

(^1- + R()^ ■ + 2{IV + f)U-H Cn(OH),+ 2H^ + SO,- 

{'ojijn'r Water Viidispopiali^l Di>isociatcd 

siilphal^ cor^itT ucrid 

hydimiflp p 

Sodium Carbonate—NiuCO^, kiioAni ortlhiarily as soda 
is extejisividy industrially, hi tbe iiome, it ift 

known as irashivg soda and is tlie important constituent 
of sorfitf jJ! XaHOO^, this mli being also used 

in fire oxtiiigiiisliers. 

Anhydrous sodium carbonate—Na/’O;^ is sold as soda 
ash. When crystallizetl from wf^or soluiinn it is sold 

washing soda —Tlie large percentage 
of water of crystallization in ‘'washing soda/^ also called 
crystal sodoj is 0.1 percent, tlie balance is 37 percent 

NflXeu. 

Sodiinn liulphate NajSO^.lOtTjO, known as Glauber's 
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salt is an active constituent of medicinal waters and also 
used extensively in tlie manufacture of lake [figments. 

I^otassium Carbonate—KjCO^ commonly (galled potash, 
is generally offered on the'market as calcined potash. 
Potassium carbonate is very hygroscopic. 

Potash, like soda, is a white substance, readily soluble 
in water, in which it shows a basic, or alkaline reaction. 

Various carbonate salts are usually formed by pre¬ 
cipitating the respective salt from a solution of m soluble 
carbonate: 

CaOL + Na.CO, -* TaCtr., + JXaCl. 

Sodiujn 

raid urn fJotliiini fiildum chloride 

chloride ciirUmato carlmate in t^olution 

r F 

Waiter iw an alkali Kali aci<L 

Sodinpi 7vafvr sodium silicate^ and pa- 

tasKiuin waiter potassium sicilate, an^ sol¬ 

uble ill Tyater, but r:raeti('a]ly all otlu'r fiiiiaatcR are in- 
stdulile salts* il/wY/, faJr (^iotfpsfotir), af^hr^stfis, ffJtlspttr, 
dap, guritets^ ntccrtichanw^ ete*, arc sufli insoluble sili¬ 
cate compounds. Mixtures of tliOKC compounds comprise 
common rocls, such as prauitc, slate^ etc. 

A sohitioii t)f water ^rlass, of syrupy ('onsisteiicy, is 
oftcir used a.s a cen/ntt, and to^ liai'<h'ii such porous 
materials as morlar. 

The addition of acids to a solution of water glass, pre¬ 
cipitates orthtf-silirir arid—U^KyO^, as a gelatinous in- 
stdiiblc mass, which if heated is converted into sdron di¬ 
oxide, HiOjj and w’liter: 

}r,SiO, ^ + 2IT.O. 

r 

Silicon dioxide, Si(K is the anhydride of 
arid H^SiO^: 

SiO, + H,O^TT,Sin,* 

Silicon dioxide, also called sf/im, SiO^ is the mof^t com¬ 
mon compound of silicon, which, next to oxygen, is the 
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most abundant olement in the earth b cru^t. Silica is 
harder thaft glass and insoluble in ordinary reagents. 
It is found in/naiiy varieties, differing in color and stwic- 
ture from the impurities niid cooditious under whicli 
they were formed. The most common form is quartz. 
There are dear (Tystallijie varieties, an examjde ui wbiol 
is rock crystal. Amethyst is a purple variety, Onyx^ 
agatej and flint are other forms of .silica. Opal is a 
hydrated variety. Sand is weather worn silica, produced 
in fine graitl^, In’ the disiillegralion of s^rtud sfane, ilost 
plants contain silica in their stems. The finger nails, 
claws of animals, quills of feathers, etc., areaeomposed 
of considerable silica. 

White sahdf wliich js practically jniro silica, is y^ed 
in making glass. 

Silica, also called Silex^ is used^ finely ground, as a 
wood filler and inert extender in heavy paints. 

Glass is a mixtuiU3 of silicutep!. (Ummon glas.^, crown 
or glass is a mixture of silicati^s of sodium and 

calcium. FUtfi glass is composed of the silicates of lead 
or barium and potassium,* When various substances are 
dissolved in glass, they impart color to the glass. Iron 
and chroiniinu c^impounds give green color. (Compounds 
of copiKT and coball give blue color, mimgancse gives 
pink to violet, gold a ruby red, silver gives yellow, etc. 

Carborundum Is the carbide of silicon, silicon carbide— 
SiC, and is used as an abrasive, substitute for emery, etc. 

BOROfl—B. is of little interest as an element, its two 
important compounds arc boric acid and borax. 

Boric acid— 1130,, also called borark acid, is a weak 
acid, soluble in water, and used i^incipally as an anti’ 
sf^ptic and preservative. 

Borax, sodium tetraborate, is a sodium salt 

of boric acid. From solution, ordinary borax crystal¬ 
lizes in^Iarge clear crystals, with 10 molecules'of water 
of crystallissatioiT, Na 340 ^. 10H3* 
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A small quantity of borax whenlieBtod on the loop of 
platinum wire swells during the evaporation the water 
of crystallization and then melta, upon further heating, 
to a colorless glass bead, 'Many metallic oxides when 
fused together in this manner, with b^rax, impart color 
to the resultant glass bead. Cobalt compounds color 
the bead blue, manganese compounds impart violet color, 
chromium a green color, etc. This property is often 
made use of, in testing for certain elements, * 

Borax in solution has a weak alkaline reaction. 

AMMONIUM HYDROXIDE—NH,OH, ammonia 
n:afn\ iH*?u water sohilion of amr^onia—Nil:i, which is a 
colorless gas, having a sharp characteristic pungent odor, 
csrihedingly soluble in water, in which it hhs a strong 
basic or alkaline reaction (turns red litmus paper blue). 
Arnmnnia is, also, produced in plant and animal decom- 

poHitioii. 

Amnibnium hydrdxidc, formed by a water solution of 
ammonia: 

Nil. -i Jf.O ^ NH.OH. ^ 

cojitaiiiy the ummoiiium radicle, NIJ 4 , and the hydroxyl 
gro.121' 

AHainoiiiumhy(lf(»xide, like the ^^luislic lyes^ neutralizes 
acids, forming the respective salts: 

NU/Ml + Iin ^ ]T,0 + NH,CL 

--' 

AlniiiTniiiii]/ 

('hlDriiif! 

4 

Ammonium Chloride—NHiCl, commonly called sal am- 
mo'itiar, like other coiypmiiids of ammonia, when hehted, 
volatilizes entirely, if the acid radicle is also volatile;. 

CALCIUM—Ca is a silver white metal, with high' 
lustre and an exceptionally good conductor of electricity. 
Water is‘slowly decomposed by calcium, with evolution 
of hydrogen; 

Ca + 2H,0 ^ Ca(OH). + 
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One of the most abundant insoluble compounds of 
calcium^ is (Alcium carbonate* CaCOj, Marblef limestonCt 
calcitc^ Iceland Spar^ chalk, the mineTal matter of shells 
are all principally composecrof calcium carbonate* Tlie 
im]inritioH CKuitaiiuKl in limewtone, marble, etc* impart 
the various colors to these substances. 

T!ie stalactitrSf which han^^ like icicles stone from 
the rooves of many caves in limestone regions are masses 
of calcium carbonate; as are also the stalagmiteSf which 
are the round mounds fotmed on the floor of the caves* 

r 

When calcium carbonate decomposes at a red heat, 
calcium oxide, CiiO, (al;^o called quickUmc or and 

carbon dioxide are formed: 

tlaCIOj -» CaO + OOj. 

Caleinm o;<i(le takes up water, ^forming calcitnu hy¬ 
droxide : 

CaO + H,0 Ca<OH)j 

Cdlcium 
hj'Jro'nlo * 

4 * 

When w^ater is thrown on lumps of quicklime, the 
mass becomes so hot as to produce steam, swells and 
then crumples to a white powder* This process is called 
slaking and the calcium diydroxide thereby formed is 
calletfstfifierf Ume, 

Slaked lime spa^i^J^lv soluble In water, ■which 
solution is called lime water and has a strong basic, or 
alkaline Reaction* Lime water, wdiich lias nndissolved 
calcium^lydroxide particles in enspenslon, is called 7 nilh 
of lime. 

LaVge qunnlities of lime am hIsocI in preparing mortar, 
'^Yhich is a mixture of sand amt freshly slaked lime* 
'The sand becomes enveloped in the jelly-like mass of 
slaked lime, which, w^here exposed to the air, takes up 
carbon dioxide, forming the insoluble calcium carbonate: 

' * PaiOH), + CO, CaCOa + IJ^O, 



artists’ FTflMKNTR 


m 

Calcium S&phate—CaS 04 , When containing two 
molecules of water of crystallization calcium sulphate ia 
known as (’aSO^^li.O. Alahastv^f is a variety 

fjf gypsum. 

When gypsum is heated to 110-150°4^ three quarters of 
Uie,\vater of crystallization is driven off, the residue hav- 
mg one molqpule of water of crystalUzation to every two 
molecules of calcium Kulphate, (GaS 04 )ji.Hj 0 . The 
chalky, wliite powder thus formed is called jjiaster of 
Paris. 

_ * 

When water is mixed with plaster-of Paris, the water 
is again Wken up, foraiug needles of crystallized gypsum^ 
which set hard ami as the mass increases in volume, 
sharp impressions are obtained of the mould, when the 
plaster is used for this purpose. 

Stucco is a mixture of ijlasler of Paris and rubble, 
using glue or sizing instead of water. 

Calcium chloride*CaCl^ and calcium nitrate, Ca(NOJo, 
are two other important soluble salts of calcium. 

barium; Ba and STRONTIUM, Sr, are metallic cle™ 
ments, wlujse compounds chemicaHy memble those of 
calcium. 

Barium chloride, BaGl., and strontium chloride, SrC]^, 
are Viiile, crystalliue salts, sofubh' iu water. 

Barium sulphate, aud strontium sulphate, SrSO^, 

aie ijrmpitated from solutu^ns (jf barium chloride or 
strontium chloride by suljjhuric acid. Fispeeially the 
barium sjilijhate is cliaracterizetl by its iiisoniiulity in 
water, dilute acids aud alkalies. 

Barium hydroxide, Ba(011)j; is a water soluble^hase, 
wdtb caustic ])ropcrty. 

ZINC, Zii, is a bluish w'hitc metal, which, when heated 
in air, burns, forming zinc oxieje, ZnO, 

2Zii + Ug ^ 2ZnO. 

Dilute aeitUreac-t with zijic Ui form file respeidivc zinc 
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wallHr zinc chloride, zinc sulphate, ZiiSO^, zinc 

nitrate, Zii{jr()^}2- three are water soluble salts 

Hud arc pois(^ous, as arc all the soluble salts of ziac* 

Zinc is obtained from natural deposits, called ores, 
various metals aro extracted from ore«* Only very seb 
dom do any ores contain but one mineral. Minerals are 
the elements and compounds eomprisin^^ tiie,inorgaiiic_^ 
matter of the earth. 

Many contain Kiiie. Jitws is composed of coi)- 
per and zinc, German Kiii\r of coppeVj,zinc and nickel; 
hronze of copper asd tin with sometimes an addition of 
zinc, 

A protective coaling of zinc is given iron and this is 
then known *as galrnni^af} ifon, 

ALUMINUM—A1 — is a silver white metal, of lighter 
gravity than any otlier common ihotah Aluminum is 
not found niicombined hut is obtained as such* by c/cr- 
frahjsis, from its oxide. Aluminum c?impounds aVe very 
alaindant in Jiatnre. Ituhirs^ ntu rif, etc., an* 

more or less iiTire varieties of alnmiuiim oxidOn Oloy is 
prineipally alnminom silteate. AVlieii clay {aluminnm 
silicate) and limestone {calcium carbonate) are heated 
together in ])rt>per iiroportioiis, to melting, a lu'oduct 
wliicli we know as remryt is obtained, f^omc de]>osits of 
natural limestone contain the jiroper annuint <d alumi¬ 
num silicati* and when hurned, yield vofural 
wliicli were already known and used i>y tfie jJoinans. Ce¬ 
ment is eifiJiiosed to consist of a mixture of calcium sili¬ 
cate and calcinrH aliiniiiiate, wbicii has the projierfy of 
settiiyr hard, after mixing witii water, Cement will set 
evinily throughout the mass, iiildcr water as well as in the 
^^iY and for years* c<mtinues to gain in strength. 

A mixture of cement, l)i*nkcn stone, sand and water is 
nsetl to prepare (onrrefe. 

The high Diefallic surface of aluminum luTomes dull on 
exposure,'the rosldt of a thin coating of the oxide. Alu- 
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ininum remains practically unaltered in air and ie not 
readily attacked by nitric acid^or dilute sulphuric acid. 
Hydrochloric acid reacts with this metal tio form altimi- 
num chloride. Sodium anfl potassium hydroxides dis¬ 
solve alumiimm forming: the oorreependiiig almiinates: 

2A1 + fiNaOH 2Na«A10, + 3H.. 

Sodium Ilium inn to 

Aluminum Sulphate, ALtSO^)^ when mixedtwith po¬ 
tassium sulphate, K^SO^ in s6iutions of molecular pro¬ 
portions forms tlic double salt, . 1211^0 eon- 

laming molcc'idc's of wat^ir of crystailiKation and 

known commerrially as a\mn. In ammonium alum NH^ 
, 12H/) t!ie }K>tiisrinm atom is replaced by the 
anunoninm radicle. Chrome alum lias the formula KCr 
(SOJ^ , 1211,0. / 

Aluminum hydroxide—Al(tMl),^, commonly callerl ahi- 
mina, is obtained'ns a voliimiiitius^ traiisluceui, gfelat- 
inoiis ]>recljntatf, from scdutioiiK of aluniimim salts by 
the addition of an alkaline liydroxulo: ■ 

AlCl, + SNaOn ^ + Al(OH);,. 

Na^Co;^, or pofd.^h X.CO.^, piwiinlate alumina 
frofti solutions of alnininnm coupon]ids, w’jlh evolution 
of carbon dioxide, OiK. 

Alumina is soluble in acids, forming the coiTesponding 
aluminum salts and also reacts with strong bases in tSic 
manner <jf aJi acid {see sodium Ijydroxirle page* 174), 

When alumina is pm-ipitatod in seJutions of many 
(organic dyestuffs it has the property of carrying^down 
the color with it, as it settles, leaving the solution of the 
dye clear. This insoluble, colored ]UTei]jitatc is called 
a lalcr. Lake colors are used,extensively as color pig¬ 
ments and in dyeing. The fibre of some fabrics does 
not absorb many dyestuffs and it is necessary, there¬ 
fore, that a spbstance be used, which will caus*e the dye 
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to be indelibly iixcd on the fibre. Such h substance is? 
called a m&rdant. Aluminum hydroxide, as also the 
hydroxides of copper aii!l iron are frequently employjed 
as mordants. Many dyes ]'<?hct with mordants produc¬ 
ing different colors. 

Aluminum when healed, is converted into aluminum 
oxide Al^O^: 

2A1(0II), ^ ALO, + 3II,u. 

* 

Aluminum oxide is an insoluble compound, found in 
i^atiire as Uio mineral vonoidttm which ^dien mixed with 

a 

various other minerals is known as cmertf. next 

to the diamond, tho harJlest mineral khown and has long 
been used an ahrastr(\ hqmg more recently displajand 
by carhonnfdiim^ RiO, which is still much harder. An 
artificial coniiulimi is knetwn as fdnydum. 

Crystalline forms of corundum colored blue by traces 
of titanium oxide ar.c called snpphirr^, other forms eoh 
ored red by clirouiiuin arc (-ailed rtihirs.^ Artihcial gems 
are manufactured from fused aluminum oxide.. Sed 
vlapSf Avhicli are priiicipaHy composed of aluminum sili¬ 
cate, rtwive their rwl enlor from the presence of iron 
oxide. 

IRON—Fe, is a silver ^ray metal, readily corroaing 
when exposed to moist air, forming a compound of the 
oxide and hydroxide of iron, known as rust. Com- 
niorcial iron is classified ns cast iron, urought iron and 
steel. 

Cast iron has the highest carbon content, wrought iron 
the steel usually between the two. 

Iron unites with oxygen, to'form-: 

IVO ^ feiTOus oxide 
— ferric oxide 

Compouhda of iron, in which the ion is bivalent Fe** are 
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‘I firmed ferroits compounds, and those where the ion is 
Irivalent Fe*** are called ferric compounds* 

f 

' JeiTous sulphate'—KeSOi ^ 

ferric sulphate—Fea(RO*)^ 
ferrous chloride—FeCi* 

' ferric chloride—FeCl^ 

^ Tlie nWst'important compound of iron is ferric oxide. 
The natural earfh ]>if^ments, Ve^ieiian Red, I^^ght Red 
and h^dian Red are colored by thoir content of ferric 
oxide. Rouge ii also a fonn of ferric oxide. Hydrated 
ferric oxide, Fe-jO^JUl^O, toprether with clay and sand* 
forms the natural tarth pipfment Yeilow oehre, 
iSoluttons of any base jweipitate ferric hydroxide, 
Fe(0H)3, from solutions of a ferric salt: 

* Ko(n, + :moii -> :?K 0 i + Fe(OH),, 

Sodhim carhcmii/e will also give this rtjudion; 

2 Fe(U,+;b\bufiO,+:^HJMf;Na<^ 3 + 2 Fe<OH),+:i(^<),. 

Ferric hydroxide is the eohjriog princiiilc of natural 
(a-hres. 

When strongly heatedj ferric hydroxide loses its water 
t3"dration, forming ferric oxide: 

Ferrous sulphate, FoSO^ . 7 JLO, known as r/fpprras 
or f/rent r/friof is used in dyeing amt making iniiutff 
wh. Ta)utie arid, extracted from uul-gaU,^, forms with 
ferrous sulphate a soluble almost colorfess salt, ferrous 
ianuatej winch when cNj>ysed to air is (oxidized fo the 
ferric condition. TJic ferric compound is a fine black 
iiisohihlc precipitati^ A bine or black dye is added tO 
give the ink temporary color. ‘ 

Potassium ferrocyanide, K^Fc(('N),j called grUoir pnis- 
siate of poiasli is the comhiiialion of injtasstnin with the 
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complex ion Ke(tJN)^—. Solutrons salt do not 

give chara(!teristic rea<;tioiis of iron, as the iron is not 

proKOiit as !jii ion, Imt is part of the ion Fe(OK)g- 

wliieh wIjou hronght togetlior Avith ferric eoinponiuls in 
solution, forms * ferric ferrocyanidc, 
known as Prns.^ian liJm. 

4FoCl, + 3K,Fe(CIK}, Fe,dFe{<:’N),l\ •+ 12KCL ^ 

* 

Potassium femeyanide, called rod prufistaU 

of potash \H preiiured fnjin yellow ])riwsiate, Turf^hnlP.'^ 
hhu\ ferrous ferricyanide, FeJKo(rN),d^ is formed when 
a solution of ferrruis cojnjJomidK is arlded to*a solution 
of potassjiyii ferricyaJJido* 

V 

;',Fi‘('L + 2KJ'C(('X), Fe,.lFe(CN)„L + CKH. 

• > 

Iihf€ Piliits or ferrotypes iTceive their color f/om the 
formaiion of Turiihnirs hi no. When jmper, coated with 
a Bolutiiui of ammonium ferric citrate icailed afso , 9 reen 
scafc;?, which'HtTves both as a ferric salt a;id as a reduc-^ 
Jiig agent) and doveloj^T (polassinni ferricyaiiide) Jjas 
been exposed to hglit {the light effecting reduction of 
the ferric to ferrous compound) tlie color is developed 
and feed in one oper^titm by washijig in water* • 
MANGANESE—Mti, is a sleel-liai'd niefnl, clieinically 
resembling iron* Tlie most important compound is the 
dioxiile, MnO.., which is c^unmercially used in preparing 
chlorig^^gas: ^ 

Concentrate^ hydrocMovic acid + manganese dioxide 
water H-manganese cldoritr* -f chforiuo. 

Mangaiicse displays both raetilhe and inm-metalllc 
<'haraeteristics* It is found to be part of the negative 
bivalent ion, MnO/“ forming niaTiganatos: potassium 
manganate, IC.liljdb' und also part of tlie niiivalent ion, 
MnO/*formiiig jiermaiiganat<'s: potassium pertnanganate, 
KMnO,^ ^’olaiisinm permnngamde is of^dark red color, 



13t> AETISTS’ PKJMRKTS 

L 

crystalline in form, soluble in water, yielding an intensely 
violet colored Bolulioin It is a strong oxi(riziiig agent. 

Manganese borate is used in tlie preparation of drying 
oils, as is also manganese dioxide. 

Chromium—Cr, is a blue-gray ny&tal. Like man¬ 
ganese, it is added to steel to increase the hardness and 
tenacity, viz.,^r/n ow/r spiepdeisenjerro mmganese. 
Chromium, like iron, forms compounds rich in color, 
from which property it (lerlves its iiiime ((^hromr, greek 
for color). 

The two imporfant oxides of chronium are Chromic 
oxide, of mat green eohn- and chromic anhydride 

or trioxide, CrOg, soluble in water in which it yields 
chrcmic acid, l-l 2 Cr 04 , of which many salts of vivid color 
are known. 

The'most iin])ortaut soluble saltnS of chromium are 
potassium dichromate and potassium chromate. 

Potassium dichromate, K.Cr X)^, is an orange-red col¬ 
ored crystalline salt, soluble in wafer. 

Potassium chromate, iw a yellow colored crys¬ 

talline salt, more soluble than the dicliromale. 

The acid of both of these salts are formed from the 
anhydride, CrO:i: 

HjO + CrOg KjCrO^, 

HjO + 2CrOa -* HjCr^C,. 

Strong acids tend to free chromic acid from either of 
these two salts: ^ . 

r- 

K,CrJ); + ILSO. + IT,0 K,S(). + iiTI^OO,. 

riiromic and is a very Htduhle substance of red color 
and is a powerful oxidizing agent. 

Many organic substances are reduced by chromic acid. 
A solution of a chromate salt in sulphuric, or nitric acid 
(the acid in excess) will liberate chromic acid jUiid if 
alcohol be added and warmed a change of color of the 
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solution from orange-red to green will occur* The al¬ 
cohol has btfen oxidized^to the aldehyde, a very volatile 
substance recognized fiy its agreeable, etherial odor* 
This reaction is fuade use of in the detection of piyments 
containing the ch%pmate radicle. 

Lead chromate, PbCrO^, is the most common j>igment 
of this class, and is knoAvn as chrovie ^dlou\ The 
chromate of zinc, strontium ainl barium are also em- 
ployed as pigments* 

COBALT, Co, a hard,'gray metal, very slowly acted 
on by acids, vrith axception of nitric ^id in which it is 
readily dissolved* • 

Cobalt chloride, CoCh, has the peculiar property of 
changing its color in air varying humidity* Th^4ess 
hydrated condition of this salt shows blue color, the 
more hydrated is of red color* This projierty made 
use of in the manufacture of inexpensive hygrometers, 
the clinngo of coloi* iiidicating the amaiinf of nnustiivc in 
the air, * * 

The siilf^lia^c, t'nSO,, nitrate, t\j(XOJ.^nnd chlorifle 
of cohalt are solublo sjiUfl, slnuving tlie charactorisric 
red colter of soliitiuna of cobalt *'ialts* The pigment Co¬ 
balt lUue is a compound of Cobalt Oxide and Aluminum 
Oxidg*. , * • 

COPPER, Cu, ia a reddish colored metal exceedingly 
malleable and diu tile* The salts of copper are of blue 
or green color: 

Cop^^ sulphate, OuSO^* When containing water of 
crysfnili55ati(jn is knnwJi as hJor rifriol, OuSO^, 5tLO* 

C<)pper nitrate Cii(NOa)a* 

Copper acetate, (green) a 

^ *'^alt of the orgiinic acid, acetic acid, H(CsII^Oj). 

Ammonium hy(]roxid 9 precipitalcs light blue copper 
, hydroxide, Cu{OfI) 5 , from solutions of copper salts and 
with the ammonium hydroxide in exces^s the topper by* 
droxide is'dissolved to a deep blue solution (formation 
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of a soluble double salt)* This reaciioi^ is used fo detect 
the copper ion. 

LEAD, Pb (Plumbum), a soft, bluish-white metal, 
known and used by the ancients. Tbe most common lead 
ore is the sulphide, ffalcm, PbS, of wjiuch large deposits 
are found in Missouri, Illiiiois and Colorado. With oxy¬ 
gen, lead forms several compainids: 

” Lead okide, PbO, called also massicot when of yellow 
color and when solidified from the molten condition it is 
of reddish-yellow color and crystalline, and as such, is 
known as fitftM's use ccinciit composed 

of lilhar^ffe and glycerine. 

Red Oxide, P^:lO^, also, called red lead or mimum is 
ofwermilion liue and has the composition Pbj 04 - 

Lead dioxide, Pb()», of dark brown color, also called 
lead pefOTide. * 

Water soluble lead salts arc: 

Lead Nitrate, Ph(NO;J.* 

Lead Acetate,, Pb{(^ktjtjwn coninu^rcially as 
sttf/ac /}f Jetuf, Jhdli salts arc w liilc crysliilliiK^ sails and 
like all eomiKanids of lead are very poisonous. 

Basic lead acetate, Pb{0JI;;0::). OH and PhCCoH^OOa. 
liPb{OIT) 2 , is formed by clissolvijig litharge, PbO, in a 
solution of lead acetate, ThisVuy is used in prepnrafion 
of basic h'a<l carlanjati^ l*b(OIf well known as 

white lead. 

Lead sulphate, PbS 04 , and lead chloride, PbCl^^, are 
Ijractically insoluble white salts of lead. 

CADMIUM, Cd, rosemblc\s the metal 

Cadmium oxide, (MO, is a bniwn nlniosl Jiisolnblc ctnii- 
pound. Tbe soluble i^^alts'of cadmium arc' n dor less: 

Cadmium sulphate, CdSO^, 

Cadmium nitrate, (Vl{NO0ai 
Cadmium chloride, CdCL, 

Cadmium sulphide, OdS, of bright yellow" color, is the 
artists* pigment known as Cadtaium YrHou\ 
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TINj Sn (Stanmim) is a white metal,* soft and mal¬ 
leable; and like sine, is of crystalline structure. 

Tin oxide, stannic oxide, SnO, a white eomponud,^ ob¬ 
tained from tin ores from wldcli metallic tin is extracted 
by rcduetifiii: * 

SnO, -I- 0 ^ Sn -J- (10„. 

* 

Tin chloride, stannous chloride, S 11 OI 3 i« thejnost com- 
mon oompoimd, Die liydratcd form of which technically 
kiitnni aw tin fiu(.d;;.2ILO, listed (sxtcriKivoly in 

mordciniiii;^ and in mannfactiiriiii^ hike coloj^s. It is 
also a powerful rodiiciii^^ a^^ent. 

Stannic chloride, Sii(^l^, like siaiiuons chhu'M'' is soh 
ufjlc ill waloj', * 

Stannic sulphide, SnS„ %s nu inst^Iuhlc yellow tjTmi- 
]ioinid, stmiejimes used ns a ]iifaneii1. ^ 

Cotton j^oodw are made lire-ini>of i>y thoroughly im- 
pre^iialiii^ tliem with a solution of sodium stannate (iip- 
jiroxiniate speeifie* gravity tile ^oodw iu'e llie]i 

wriin^ aut to t^anove e\<-esw of slaiiuide solution, dried 
tliorou^lily and then Immersed In a solution nf amiftuuiuin “ 
Mil]jliaks again squoezcfl and dried* j^fter washing in 
clear water and drying, the fiiiirie is reiniert^d perma- 
nenliv iion-flammahle, « 

Stanhic hydroxide, 1^(011.)^, like aluminum hydroxide 
lias the propei'ty,of forming hike colors with certain or¬ 
ganic dyestuffs. 

ANTIJTONY—Sb (Stihinm) a silver-white, brittle 

metal, Vitli high lustre; forms two oxides: 

■ 

Antimony trie *:ide—Rh^^O^ 

Antimony pefttoxidf—Sb.O^ 

* Lead antimoniate is known as Naples Yellow* 

Tile addition of antimfcaiy to certain metals forms hard 

• alloys* Peu tvr is composed of co]>per, tin, lead and aiiti- 
inony** Antimony is also eontained i]i Pahhtft metal 
Type metal is aVompound of antimony, l^d and<iii* 
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BISM-UTH—6i, is more metallic than antimony, of 
brittle crystalline structure, hea.vy and of roddish color. 

Bismuth alloys, having low melting points, are used 
in automatic sprinkler heads, as electric fuses, etc. 

MERCURY, lig (Uydraroyrum), at/)rdiuary tempera¬ 
tures is in liquid form, of silver-white color with bright 
metallic lustre, frequently called quiaksilcer. The prin- 
lipal ore Of mercury is cinnabar IIgS, from which the 
metallic mercury is obtained by roasting the ore in con¬ 
tact with air. The sulphur is converted into gaseous 
sulphur dioxide and the mercury vapors are condensed 
and purified. 

IfeS + 0, ^ Hg f m,. 

A ^ I 

Finely divided metallic mercury and the vapor of mer¬ 
cury ai;e very poisonous. Many other metals are dis¬ 
solved .bj' racM'cury, formitig alloys, called amalgams. 
Gold dipped into mercury will become whitened by amal¬ 
gamation of the mercury with the gold. 

Mercurous chloride, HgCl, known as calomel, is a white 
powder, insoluble in water and used as a medicine. 

Mercuric chloride, bichloride of mercury, HgOlj known 
also as corrosive sublimate is a white crystalline salt sol¬ 
uble.in water (in ul)out 14 jmi’is). Mercuric chloride is 
extremely poisonous when taken internally. A dilute 
solution (usually 1:1000) is frequentlj* used as an anti¬ 
septic in surgery. 

Mercuric sulphide IlgS, is known as Vermilijif 

MAGNESIUM, Mg, is a silvery white metal of low 
specific gravity, readily burning in air, producing a 
bright light of great qctinio-power. 

Magnesium sulphate MgS04.7ri{0, known as Epsom 
Salt soluble in water and valued medicinally for its laxa¬ 
tive properties. 

Magnesium carbonate, MgCOg, is an insolublf, soft, 
very light, white powder, {white mo.i/nc^io),-sometimes 
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used as a base in the manufacture of lakfe colors. Mag' 
nesium carbonate, MgCOg, found native, crystalline in 
structure, is called maSinesite, 

Magnesium oxide, Magneata, Mg(l, is obtained by cal¬ 
cining magnesium carbonate. It is a fine white, volumi- 
rouH, inodorous and tasteless i)owder, nearly insoluble 
in water and is sometimes used as an extender for heavy 
paint. It is also called calcined magnesia, 

Magnesium chloride, MgCl^.GHaO, is sometimes used 
in producing labe colors;* 

Hydrated Magnesium Silicate, 3MgO^KiOH^^,TT^O_ known 
as TalCf Talcum^ Soapstone, French Chalk Steatite 
is jjriticipally used for polishing mai;Jde, etc-., and in the 
preparation of toilet p<Adders, tailors^ chalk, etc. ^Ms^er- 
i^rhanm is also a variety of this compouiiti Asbestos 
is a double silicate magnesium fuul calcium. ,' 
SULPHUR—S like carbon, occuriiig in a nuBiber of 
ollotropical forms^ is found iiiicombincd in nature, and 
also combined^ with many metals, forpiing the*various 
metallic snlpkiuts and sulphates. 

Crude sulpliur, which- has been purified by heating 
and obtained as a fine powder, is called flowers of suU 
pliu)\ Mnlleu sidpliUT cast into molds is kiuAvn as roll 
sulpMir, Orihorho7fihir fiulphur is obtained as crystals, 
from'an evaporated solution of sulphur in carbon disub 
pliide. I^rismatK' . idphnr is obtained from sulphur when 
cooling from a molten condition, the long, narrow, ncedle- 
like, pysloatie crystals appearing on the surface. Amor- 
photis snlphi4i\^plasfic sulphur, is obtained in an amor- 
plums coiiditioo, of ruhh''r*hke consistency, wlien the 
molten sidtdiur is suddenly O';^od. Boiling sulphur 
poured into cold waler will cause ite sulphur in assume 
’ this form, but like prismatic sulphur in a short time 
clianges into Die stable rlumUuc fcnmi. By dissolving 
Rulphiir in an alkali, to which hydrochloric acid is added, 
a finely divided,precipitate is formed, which wdien shaken 
in'water, forms what Is known as milk of sulphur. 
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All forms of sulplmr Imrn iu presence of oxygen, 
forming sulphur dioxide, S0«: 

S + Oa SO, . 

Sulphur, or some compound of sulphur is used in vut- 
canizing rubber, and also, in producing a class of dyes, 
fulphur colorf. 

' The sulpliidc o^ many metallic elements are an im¬ 
portant class of compounds. Cadmium sulphide and 
mercuric sulphide are valued ks pigments. Sulphur 
combines with iron to form ferrous sulphide, FeS, which 
is mostlvrusod iu i>r(‘paring hydrogen sulphide, II-S, a 
colorless gas, of characteristic putrid odor. 

ll‘Air(ig(‘n sulphide is fVui^cd wli<*n organic matter, 
containing sulphur, decays. It is readily formed by 
the action of dilute lij'drochloric acid on ferrous sulphide, 

FeS t-.-lK'I ^ H,S + Fet'U. 

Hydrogen sulphide acts on most metals' or their com- 
‘ j'omids'to foim the metallic sulphide: 

J'h + ILS ^ Pbs' + IU. 

Jllfick 

LciiQ fluOjtJiuk' 

Cd(N(h.)j + lUS - CdS + 211 no; 

t 

f'atlrnlnm 

Ammonium sulphide, ia obtainetl b/treatiii^' 

ammoiniim hydroxide with hydropjon sulnliitir. [t ik a 
yellow eolored ftuid of strong disagreeable odiir and re^ 
aets witli metals, or tlieir e<>niiKniTids, iu like maiinej- aw 
wodiiim snlpliide, 

Sf>dium liydn^xide \ei1li liytlrogeu widpliide forms sodi¬ 
um sulphide, Na.S: 

• 

2KuOll + II.,S ^ Na,S t 
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Sodium sulphide is soluble in water ^nd reacts with 
metals or tltcir compounds to form the metallic sulphide: 

PI>(N<),),. + Na.S PbS ,+ 2NalfO,. 

Lead Nitratu Sodium Lcjud 

Suiphido Sulphide 

A solution of sodium sulphide does not have the^ ob- 
jectionahlc odor, characteristic of hydrogen^ulphide, and 
is, therefore, ordinarily used in ([ualitjve nnalysis of tb*e 
metals, ^)r their compounds* 

The noble metals GOKD, SILVER, and PLATINUM 
fire of no iinportuNce in color chemistry* 

Gold, An, and Platinum, Pt, are nnaffcctedjiy air or 
water at any temperature and by drdinary acitL, but 
are dissolml by aqua 7 \gia, formiiijr auric chiQHdc, 
AuCl-t and chlorplatinic acid, HaPtC]^,. 

Silver, Ag, is taniislied by sul]^lfur and aded by 
uilric and siiljiliuric acids* Silver is inmfleeted by^fd- 
kalics. The coiris*of the United States contain 9u per¬ 
cent silver Hie Uritisli coins coiitain 92.5 iierceiit 

silver (925 fiftieL 1his Inttor ^j:rade ef purity ii^ called , 
sfrrVtnq 
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The plant and animal kingdoms are composed of or¬ 
ganic substances, which throughout, are'compotmds of the 
olemont carbon. Carbon^ hydrogenj oxygen, and nitro¬ 
gen are thp princii)al elements of which most organic 
matter is composed, sometimes snlphnr and plmsphor are 
organic eonstitnents. The organic compounds of the ele¬ 
ments are very large in number and although many exist 
ill nature, a greater number are synthetically produced. 

No otlifV element shows the tendency to combine and 
form such numberless and compUeated compounds, as 
does the element carbon. f 

In o^rder to more closely follow the chemical reaction 
of organic substances the arrangement of the atoms in 
a molecule are best shown by structural formulas. A 
struciuml formula is one, which graphically represents 
a molecule; thus The structural formula bf carbon, the 
valence' of wlrtch atom is four, is writ ten 



The structural formula of hydrogen, valeiicry one, is 

H- 

Therefore the formula of a molecule of carbon^ which 
has united completely with hydrogen, is 

H 

H-C-H 

i • 

This compound, CH 4 , is the beginning of a class ou group 
of compounds, in which one or more carbon'atoms are 

m 
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united only with hydrogen atomg and form tlie*groiip of 
compounds*known as hydrocarhons* 

The structural formula of these compounds thejirst 
series of whicli are termed the parapn or marsh gas 
series, in which iwo adjacent carbon atoms are joined 
by a single bond, arc: 


H 

H—<i-n 
I 

H 

H H 


Methane, CH+, or marsli gas 

(firedamp), 


H—C—O—II Ethar^t gaseous 

j I 

H H 
H H H 

6—H. Propane, gjiseous, 

II il K 

and so on through the series: 

Butane, gasenus, 

Pentane,H-VJl,., liquid. 

Hexane, liquid. 

Heptane, liquid, 

Hexadecane, (-'niH:! 4 , Molid, 

and otlu rs, Tjicse compounds are extrenudy indifferent 
in their chemical behavior not having the properties of 
acids, bases, or salts* 

, Petroleum, in its crude state, is a complex mixture of 
liydrorarbons, which is partially separated by distillation 
into products which are still mixtures, but which, as such, 
arc e^pimereially used special purposes* 'The com¬ 
ponents of sucOi mixtures, as represented by petroleum, 
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which have the lowest boHiii^ points, distill off first, and 
the condensed liquids are collect^ed eeparatoTj^- This is 
knoYn as fractional distillation. Thus petroleum is 
separated into the following substances; 

Petroleum ether composed of pentane, Iioxane; with 
txiiliiig point l>etwmj 

tGasoline,*(iletroI) composed of hexane, heptane; with 
boiling point between 70M)0*, ^ 

Naphtha, composed of heptape, octane; with boiling 
point between •SO''-hJO"*, 

Benzine, composed of octane,^injnaiic; w'ith l)oiljng 
point%etwecii 120 

Kerpsene, (coal oil) composed of decaiiedjexadccane; 
witli boiling poiut botwet^ii 150'' 300°. 

Petroltitum (rasd 'm/^) and paraffin are further prodnclK 
of the fractional distillation of crvido petroleum. 

In the.paraffiii senes the carbon was'found to be united 
U) tlie adjacent c'nrlxm atom by one bianh When tw^n 
* carbon'atoms*in'e iniited liy doithlf^ bund, Aiiotlier series 
of hydrocarbons is formed* the alefine or ethylene series. 
The fonmila of this scries follow tlio general foriiuda 
Cirlloj* The simplest memherjOf this series is olefiant 
gas CsH^t the graphic formula of-Mdiich is: 


II H 

I I 


II H 

# 

If two adjacent caijbon if toms are united by a triple 
bond, they form the acetylene scries. The genernJ 
formula of this series ftdlow llie formula ’J^hns 

the simplest mem)>er of tliis group* acetylene, has the 
formula or VJK 

Many of the structural formulas of these compounds 
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show a ring formation, the tiulistaiices having ^aromatic 
odors, and Slaving heeii^given the name aromatic series. 

Benzene (benzol) C^I*, derived from coal-tar, U the 
starting ])oint of the aromaVm series having the struc- 
tnral formula: 

n 

1 

c 

/ \ 

H—C C-H 

hJ i-H 

. \ / 
c 

I 

.H 

By exchanging one or more of the hydrogen afoms of 
the hydi’ocarhoiis, KuhKiiUti'toti protlutis are otrt'iined, 
thus using chlorine we obtain: 

11 

If—('—f'l Monochlormethauc, CHjCI, 

I 

H 

U- 

II—(’—(’1 Dichtermethane, CH,Clj, 

I 

cn 

II 

—{’I Trichlormethario, .’HClj (chloroform), 

1 

(n 


Cl—C—CI Tetraphlormethane, CCI 4 (carbon tetra- 

I .chloride). 

Cl 
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Wlicn Ve replace one or more of tho h 7 drogcii atoms 
by the corresponding number of^j^ydroxyl groups —OH, 
an alcohol is formed: 

' 11 

CH^OH, Methyl alcohol, IT—Oil, wood alcohol^ the 

I alcohol of methane, 
H OH 4 . 


rJT-OII, Ethyl alcbhoh TT—(’— V —01] ffrain alroholf the 

I I iileoliol of ethane, 
II if CJI,. 

amh.slo on, by EsubHtiliithm, ^the oilier alcohols of this 
series are derived. In many alcohols the molecule has 
more than one —Oil group. Tims or 

is an alcohol of propane, The sugars 

are also^ alcoliols, several liydroMjd radicles* 

Phenol or carbolic acid, C^HnOU, is aiwalcoliol of ben- 
zone. < » ■ 

Methyl alcohol, CTI/)!! aleohol)^ is obtained by 

the destructive distillation of wood. Gas, wood alcohol^ 
aeetone, accfic acid and rharroal, are the most important 
products obtained by the destructive distillation of wood. 
AA^hen complex organic substances are decomposed by 
beat in absence of air, volatile substances and a solid 
rosidiie are oi>taiiied. This process is termed, destruc- 
iire disfiljation. In like manner, illuminatinffg^s, am- 
vio7Ha, tar and rolr are obtained by the jdestrnctive dis- 
lillation of soft coal. 

Ethyl alcohol, (■ JI/)IL alrohoJ,(.*olognc Spirits) 

is obtainerl by the fermentation of certain sugars by_ 
yeast; the sugars arc broken np into ethyl alcohol and 
carbon dioxide: 

f 

J)„ ^ + 2Cps. 

GlucOiie * Ethyl 

(fjftm EtUrch) alcohol 
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A mixture of ethyl alcohol containing about ten per- 
^'.enl woo<l alcflhol aaid ijbout one-half percent benzene 
h known aw fj^enainrf^d alcohol. There are several for¬ 
mulas for denaturing aleoho^ approved by the govern^ 
niont to meet spocul requirements* Ahsolaic alcohol ia 
aicuhol free from water, , 

There are three clafiaos of alcohols, pnrmrif, second¬ 
ary and tertiary. , 

The pHmary alcohols liave the —OH group attached 
to an end carbon atom wifh two hydrogen atoms: 

H 

i 

I * 

J1 

Secondary aladols Imve I he —OH group attach‘d to 
a carijoii atom e<unbinecl with one hydrogen atom and 
any other two radieios (shown as X) : 

li 

I 

X_(^_<-)TT, 

X 

Tertiary tdcohi^.^ have the — OH group attached to a 
carbon atom, whieli is combined with organic radicles, 
l>ut no l^ydnjgen: 

X 


X^C-OTj 


X 


By o:*idizing a primary alcohol, we obtain aldehydes, 
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tliua frftin metbyl aJctoliol^ (!]!H^0ir, avc obtain formalde¬ 
hyde H^CH, 

H 

I 

H-C-OH + 0 -^H-C = P + HaO 

I 1 

H H 

, ‘Methyl FumialdeJiyde 

alcohol 

t 

A solution containin;^ about 40 per cent, of fomfaldehyde 
is commcmally known aw fon*naUn. 

Ketones are formed by oxidation of secondary alcohols 
and haTO the general formula, ’ 

X^0 = 0 
X 

Acetone, CH^COCTHa is a ketone, derived from the 
products of the destructive distillation of wood and is 
]Ji'incipally used as a solvent f<)r celluloid, resins, gums, 
acefylene gas and in llie iiianufMcture <if\itforfifonn and 
iodoform. ' , 

l^y oxidising alih^livties, we ol^laiii acids: 

u^c^o + o^n^G^o 

I '. ^ 

II nij 

The group 

—c=o 

OK 

is (Ouiraeteristic of orffm{o arifh and is called tlni car¬ 
boxyl group, the hycfi'fjgeti of wliiclj group is reijhieealde 
by a metal. Many organic acids are of considerable 
commercial value, ' 

ACETIC ACID, CH,^C = 0 or IKC^H^O^), is 


OK 
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the acid of vinegar, which eoiituiiis ^out 4 percent 
acetic acid ^nd is produced by the action of bacteria, 
Bacterium acetic (motficr of vinegar) on alcohol. Acetic 
acid is ulss formed by the* destructive distillaticm of 
wood. The crude acid obtained in this manner is some¬ 
times called pyroligneous acid. Acetic acid containing 
less than 1 percent of water i.s called glacial acetic •add. 

Acetic acid is extensively used commercially, in ti;c 
manufacture of white lead, coal tar colors and as a sol¬ 
vent for certain organif siibstanceR. 

<0 

II * 

OXALIC ACID, C-OH ur is a comiiaratively 

I 

0 = 0 . 

! 

OH 

strong acid, very poisonous; need, in dyeing .ind in 
bleaching of flax,’straw and leather and for cleaning 
copper and J^rass. Commercial oxafic acid bontains 
water of crystallization,.HsCaOi.211-0. Anhydrous ox- * 
alic acid is sublimed oxfilic acid. 

TARTARIC ACID, II,(C4lL0„) is-present in grape 
juice. Allcohol is formed when the sugar in the grape 
juice'ferments, which•eansos the ci'iide add potassium 
salt of this add be deposited, ils it is only slightly sol¬ 
uble in dilute alcohol. From tills enulo salt, potassiiAn 
acid tartjate KHiCjH/)^), also, called cream of tartar 
and thb free add is olitaiii(*d. Ooam of tartar is a eon- 
stitnent of some baking ]iowders. Potassium antimony! 
tartrate, KSbOiOJI/),;) is'calied tailor emrfie and is 
sometimes used as an emetic. 

• ' CITRIC ACID, H,(CuH 507 ), is present in the juices 
of lemons, oranges, limeii and certain other fruits. The 
•sharp, sour taste dtai'acieristic of the lemon i»i,dii(; to the 

presenfe of this acid. 

• * 
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Other 9rganio acids, less important for us, are Benzoic 
Acidp CftH^COgH, found in cranberries and certain other 
fruits. It is valued as an antiseptic, 

LACTIC ACID, is formed by Lhe fermen¬ 

tation of milk sugar and is present in sour milk. 

The fatty acids, the most important of which are pal¬ 
mitic acid, stearic acid and oleic acid are present in the 
various fatn and oils of animal or plant origin* They 
are found principally combined with glycerine, (called 
fsterns) j the fats or oils containing only certain propor¬ 
tions of the free acids. 

31T0()/\,II,, -f tt,11,(011), 

St^uric H<sid Glyi-oriDo Stouio 

' (iiii 

Ky boating the fats or oils with alkalies, they become 
sapouifi'^d, the base combining with the ester to form a 
soapj setting free the glycoriiio: 

I 

0Jl5(00,C,,TI,,j, + 3NaOH - CV,H,{OH.V, 

Stwirin Sodium (ilyt'ormp 

hvdroxidi’ ^ 

+ 3Nei({)0,C„H,,). 

' Sodium stciu'iUi- 

(a nou]i) 

The fats ajid oils always contain a ini-Tfibcr of different 
fatty acids and their respective esters, ainl according to 
the proportion of their content, the fats oi' oils are fluid, 
semi-solid or soliil. 

Oleic acid and olein (the ester of oleic *4cid and glycer¬ 
ine) is fluid* 

Stearic acid ainl palmitic acid and thcii' esters, stearin 
and palraitin, urc of move or less s<jlid consistency* 

AVhcii ajj acid and an alcohol j^eact, an ester (ctheral 
salt) and wafer are formed* reaction is analogous 

to tliat of tbe formatitm (>f a salt by neutrailzation* In 
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the formation of an ester, the alcohol plays the part of 
a base;‘ 

Naon n{0Jl.,O,) Na(t!jr,0,) + 

Sodinm Aedtic Bodiaiti 

hydToiide • ncM ncotatt Water 

c,iy)H + n((yL,o„) ^ o,tr,(c,ii,(),) +*iia 

Sthj] Acetic Ethyl * ^ 

alcohol flcid a^toto Water ' 

« 

The esters are wideljr used in making synthetic odors/ 
]>erflimes tuid artificial fniit flavors aiul form a very 
importanl'group of Compounds, 

(V^mm<)ii <^fhrr is ethyl oxide, (t'^11-^) J), or t\lJ jr,(), ]n'e- 
parCKl by |roaf.iiig alcohol with sulphuric acid. 

Organic comjioiinds in which carbon is united with' 
Indnjgen and oxygen witli tlicjalter two elements in 
the same proportion as in water, but not in’the form of 
water are called carbohydrates, (Vfliimcjn earbohydrates 
are the siff/ary, sfatrh and , 

The most tmi>t>rtant sugars are saccharose, glucose ami 
fructose. 

Saccharose, v*nu' suftar and brH 

ia confained in plants sin-h as the sugar cane and 
bept, which yield considerable amounts of table'sugar. 
The sap (jf tlie sugar‘ina]ile tree also contains much of 
this sugar, * 

i!/r>hnssf\s- is the uncrystallrzcd sYr\i]i produced in the 
manid’iMunj of sugar. Molasses is sometimes mis¬ 
named frrtrcf^, which hitter ia a eyriip obtained during 
tha refining of sugar. 

Sucrose {rommott .sHf/ar) (J>stulli;!es in four sided 
«]nasins (tock canfhf) melting to n colorless litjuid at 
IfiO"^ and if suddenly' cooled, solidifies fo a transparent 
light yellow mass called barlej^ siff^ar. When heated to 
it partially dw*oniposes, with loss o^soine wateCj 
leanng^a brown*mixed material, called raraatrj. 
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Fehliii^’s sokition is not reduced l>y sucrose. 

By boiling saccharose with wat^ (a traceacid will 
hastefl reaction) it is converted (hydrolyzed) into glu¬ 
cose ciiid fructose. 

, Sacc1raro»e Water Glucose Fruetoso 

/riic resultant mixture (jf the two sugars is called in¬ 
vert sugar^ in wbicli each sugar interferes with tlyi crys- 
'lallization of the other, which r^iactioii is made use of 
ill the making of eSndies, which are to ho milled and 
icings for cakes. 

The yeaSt plant (yeast) secretes two fermevt^ (*allecl 
zymase and invertaa^ {^arraAc), which belong to a class 
‘ of organic compounds known its enzymes, which are siih- 
stunces.producing remarkable chemical cliaiiges by their 
niei'c pr^^feeiice. WJien yeast is added to a saccharose, 
the invertaso hydrolyzes tlio sugar to invert sugar, whieli 
in tarn is coiivcHed by zymase int(> alcohol and carhoii 
riioxide; 

+ 2CO,. 

'-'v-—^ 

Kthjl nJijobol 

Glucose, (lej trosc or grape sugar, 0 JTjaOii, is oWained 
from stare]I, l)y Iwiling with water, with addition of a 
diljitc aeid: 

+ .ILO 

' StaTch GlueoRC 

Glucose is almost colorless when pure and reduces 
Fehling’s solution to cuprous oxide. This reaction is 

^ FchHvff'it aolutwn is pn-parod by mixiDpf rqiial Tfilumes of two solii- 
tiooa: (1) A solution of prniiiK popprr sulpbiLto ff^iSO|.51LO) in 

r>no CO water. (2) 17't grams J(o<'hr}tc Hodiiim potaasiuni tartrate, 
KNaCSiinO^.IJiO, aad 50 gramn HOdiuuj hydroxide in 000 cn water. The 
two Bolutioaf* BbQiild bo mixed before uftfl. When glucose in BoVitkm U 
added, red cuprous oxide is precipitated, when the r.ixture is beil^- 
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employed to for ^^hicose in the disease known’as 
diabetes. The sugar and stardi taken as food js changed 
1o glucose and elimiii'ated in the urine, in this disease, 
instead of J)cing assimilated as they shonld he. ^ ' 
Starch, oecurs in large quantities in wheal, 

oats, peas, beanft, corn and in the roots, tubers (|K)tatoea, 
etc*) and seeds of many plants* Starch is also present in 
the leaves, formed by the action of chlortfpjiyl and sun¬ 
light on carbon dioxide and water, , 

+ rdr,f> cjr,/), + go,* 

(.Jurbon t 

wntpr starfth Oj^vf^n 

9 

T)ilnte solniions nf i<KliiU> Un n starch a deep blue color* 
The reacthui is used ti> for dthrr iitarrh or " 

Starch is insoluble in water IjuI gives a transparent 
elear liquid when lioiled with water* Manyjtiomplex or¬ 
ganic comiJoimds, such as glues, dves, soaps, etc form 
similar clear liqnhls, called edloifhd 
WJjori drjj; starch is licated to al)5ut 250' *C.* or if 
moistened and heated w;th dilute snlphiiric acid,'or nitric 
and liydrocliloric acid* for some time at'al^oui 120" it 
is converted into a soluble ctjmpnund or mixture of com- 
]iouuds called dextrine,or Ih'itish ffum. It 
is'mucli employed in i>reiniring mucilage used on the 
backs of postagf stamps and gummed labels* 
CELLULOSE, forms the cell walfff of 

l>Iants.^ Linen and cotton are pure cellulose* Paper is 
made'('f cotton or linen rags, the cheaper-kinds from 
ivood ])nlj^ or'slraAV* When cotton is treated witli a mix- 
lufe of concentrated nitric ai 1 sulphuric acids a variety 
of oompomids, called nitrocelliilo^s are formed. Sobihle 
* guncotion is compo.scd of sncli ctnni>c>unds. A sfdntion 
of soluble guncotton ki alcohol and ether is called col¬ 
lodion. Solutions of nitrocellulose in camphor form cel¬ 
luloid 
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LENGTH AND AREA 


Long Measiil^e 

V2 iiii'heH (ill.) 1 (ft.) =■ rf^pp^rwiH^Tw 

4 = 1 ban^ f 

5 feat :=^ 1 yard (ydO = »>liters 

C feat = 1 Tatliom 

yfirde ^ l rodj pcreh or pole. 

J760 y^'rlJs = 1 niib J.6093 


Square Measure 

144 uq, in. 1 'k]. ft. 

9 aq. ft. = 1 fiq. yd. 

:tf)^ wj. yds. =‘ I fHj. r{jd,'']](Ti^Ii nr ’jicpla 
40 ti(\. idM. — \ i\vi\- (4:t,rj(]0 sq. ft.) 
fi 40 ut'rcs ^ ] «^|. iPiile ' 


Angular Measure 

60 seconda (60") ^ 1 prime ndnutr 
00 tninuiea (00' ) “ 1 dogroe (]“) 

39 dcHitG^s = I aigu (fl.) 

12 jiigus (360 dograes) 1 greut airale. 


Metric System 
Measures of leii^flli; 

1 mil lime I rr (.mm.) = 1/1000 nietiT 
10 millimeters = 1 eimtinicter (cm.) = J/lOO meter 
10 uentitneters = 1 decimeter (dm*) = J/in mett-r 
10 decimeters = 1 nwiter (M*) r= 3f},37fi$ inches 
10 meters = 1 decameter (Dm*) = lo nictora 
10 decainctcrB = 1 hectometer (Um*) = 100 meters 
10 faectemeters 1 kilometer (Km) = 1000 meters = 0.€St<f viiics 
10 kilometers = 1 mjria meter (Mm.) = lO^OOl) metrrs* 


Metric Square Measure 

Tlie squares of tiie measures of length. 
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WEIGHT 
Avoirdupois Weight 

27^ gfAinti = 1 dram (dr.) 

16 tlrHiiLs —minvo (oi,) 4iJ7.r5 f/rtiins 

16 = 1 pDunil (Lb,) = flnms 

11 pOEindB = 1 ^ 

2J} jioanda (U. S,) = 1 qujirlxjr (Qr.) 

100 pouTiis (U. S.) z:r 1 bund red-wnjjrht (cwt,) 

30 hiinrlmi'Wfi^rht == 1 ton 
3000 pounds :=! i nhort ion 
3340 poutidii = 1 lonj? ton 


Tffoy Weight 

■ 

Wrjffhutf/^of 7^trf ioi4s Metals atut Jewels 

-1.3 frrniriH ((;r,) = I nirjit (K) = wiiJiffrums 

24 ^miiia (£r-) =r ] penjiywHuL'i (dwi.) 

20 — 1 Ount^i^ (ok.) -_i 

13 ouitOPti ^ 1 pmind (IK) — outt^r;* avoird^ ~ grvmA* 


Apothecaries" l^cight 

30 Krsiijw (yi.) — ] HCHipU' (;■)) 

3 scruph^y r= J dram f3J 

ft drama rr 1 oiyic'p ^ J.ff!f7J onwiTjf ttmir/t 

J3 nun-os l*pounJ (lb.) =: 73J6.^t7 yujirfS prtimg 

4 

Metric Weight 

10 Diilti^runiK — I (i-ij.) 

10 emti/rninis ^ I dts'iji'rHtm (iJk*) 

lO*iltTitjrH'niift =: 1 gram (g. or Gm, i Joo (rmns — 3,3 itvam 
in ^^r-'ims iz: I 

10 do<^ugr;iiiis ^ 1 ^ivu'^rraMt (H;j.) 

10 liontognims i:= 1 liilogrMU or kilo (Kg.) =: grums = Z,304G 

ui'mrd. " 

]0 kihigraiiia ” 1 iTiyringrain (DJg.) 
l(f un'^jjijranift = 1 ([uintol 
10 cjiiintubi := 1 iiiilliiT or Iminoiui. 

4 

VOLUME AND CAPACITY 
Liquid Measure 

4 gills — 1 pint (pL) = 10 fluid ounces {fl, ok.). 1 fl, ok. t9,57 tvhic 

— 0,(}£!i^7 Httrfi 

2 pints =z ] tjuflrt C(|t,J = (K9fC3 litt^ra 
4 (jnartii = X gallon (ga^) =33) cubLo inches U, S. 

gntfbna ^ 1 hogEdie^ (bbd.) 

31^! gallons =. I taifel 
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artists^ pigments 

I 

Apothe<^ries’ Measure Wine Measu'.e 

(M) iijiuinifl Odju.) (or drops) ill = 1 flmd drachm or fluid dram {fl, dr,) 

m (f 5) ' 

8 fluid dradims = 1 fluid ounce (fl. oc,) or (f 3) = OMS96 
16 fluy] ounces =1 pint (octariua, Ot) ^ 0J73S liters 
S pints = 1 gallon (oongiufl). 


Dry Measure 


1 pint = 0.S5U7 

2 pints = 1 qu^rt (qt.) “ I.IOIS liters 
4 quarts = 1 gallon (gal.) 

2 gallons 1 peck (pkj 
4 jHjeka = 1 hiiBhe] (bu.) 


Cubic Measure 

173ft cii. in =tl cu. ft. 

27 cu, ft — i eu. jd. 

10 cOk it = ] oord foot, 

8 Ctffl ft. = (138 cu ft.) := I cord 


Metric Dry,and Liquid Measures 

Or(}\uavf} oj ? nhimv — ilic vnhr of ihv 

of 

1 iitillilitrr (nd') ~ 1 vubm ['tmtiiuefer (e, c'.) ;= I/160H litrr 
iiiillilim = 1 coJitililiT (cL) = l/lUO liter 
Id centiliter — 1 deciliter (dl.) 1/10 liter 

10 deciliter = 1 liter (L) == 1000 cubic ceiitimetcra = JMC7 q-uarts liq. 

meiinurv — ru^/ie z= M.t fnid U. S. 

10 liters — 1 ilecalilet (Ul.) ^ 10 lilerji , 

10 decaliters =; 1 lireleliter (HI.) ^ 100 

10 heetoJitm = 1 kiloliter (KL) = 10o(j litm,— 1 meter — 
cubic mrftffl cubic fet i — L.V>70 cubic yards 

10 kiloliters = 1 myrinlitcr (Ml.) — 10,OOU JitiTH, 

NUMBER 

13 units — 1 ^nzeii 
1" dooEcn =1 1 gross (gr.) 

13 grows ;= 1 great grtJrts 
30 uiiitH 1 tcore 

PAPER 

34 eJieets — 1 quire (qr.) 

10^^ quircB I token 
30 quirCB “ ] ream (Tin.) 

4S0 oliceta = 1 (Team (U. S.) 

500 abe'cts = 1 ream (Kriiuec) 
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temperatures 

OMitlirad« ffoczing point of water = 0® Cj boiiliig point of ivator 

= 100 “ ^ 

r»hrraili*lt (P“) ■ fropaing point of water = 33® F; boiling point of w*tor 
F * * 

There are 100 on the Oen^rade seaic hotweeii 

the freezing point and the boiling point cd water, agtpnst 
180 degrees on tlie Fahrenheit sealc between*thcse points, 
the Falirenlieit degree is Uierefore founjl lo lie or % 
□f 1' (■(^itigrade. The eouversirni ot (Centigrade to Fall- 
renlieit degrees, or viee versa, may made by using ilie 
formulas: 

Uegress tVidigrade % (degnssH Fahrenheit—-32)* 
Degrees Falireiiljert. = % (degrees (Centigrade 4- 


Table of Conversion 

* 
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PREFACE 

TIk^ iiuiiiiritis I'rom artiste and art stn- 

(ients oil the subject of the durability of the various 
materials employed iit the fine arts, has encouraged the 
Author to prejiarc, in detail, technical matter as outlined 
ill his different lectures. 

The sulTstance of the book is compiled in'encyclopedic 
form, and to fjcilitate referc^nee, an e:4haustive index is 
appe tided. 

eMO.Al)£Lf>]UA, V\. 


P. W. 




^ARTISTS’ PIGMENTS 


INTRODUCTION 

The study and thought whichM^filfully should 1)^ 
chemistry and technology of artists^ dolors, oils, var- 
iiislitisj and veliicles #iTif(^rfiinaUdy is (»flen lil'glected by 
many artists, and frequently entirely overlooked by 
amateurs. 

* Too little time has been given in tlie past,to tlie whya 
fil'd wherefores of eolfH' pigments, Ilnur soun-ew, durabili¬ 
ties and compatibilities, with wliicii tlie artist desires to 
haiul to ]K)stcrity an interpretation of bis ideals. The 
cry is growing coiitimialA* strrjngc'r over tlie quick de- 
ferioration of some of our best example^ of ai't. Anyon** 
taking more tbau a passing interest in the world’s art 
ercationsf, cannot help but fear for tbeir welfare during 
Ibe next decade,—<'speeially wben seeing »witbiii a few 
years such cbnugc; taking ]>lace, as fading, flarkeniA#^ 
crackirtg and wriiikli/^ranuuig the most re]>resejita^ivt 
paintings of tlie various jierifnls. 

The disadvantages (|f the artist of a century ago neeci 
be Init considered in ,c(unparison to what wmiders tin 
rapid advance of clnjjnislry has <loiie for <hir modern 
artist, ‘ihdore ISOO the palette was limited to but a fe\s 
and expensive colors. Inhere were not kuowm tlie 1ml 
liant aiifl perniaiuuit Ali/ariii laike Colors, and sucli riVV 
pigments as jlie Catiminni Vt‘llows, Clironiiuin (treeus 
JOnierahl (Ji'eeus, I’ermanent Vermilions, Colmlt (Jreeus 
ete. Prussian lMiK*W'as only discovered in 17t4. f)ii the 
other Jiand iinuiy lp'illi;tfit bill unsafe eohin*, bavo^ntulen 
cbeiniiitry to iluvok for tbeir discovery. The artist must 
know liis ctdors'iu order to use hut'Ihe safest on hit 
palette. 
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lE’VBTS' PitiMEKlS 


Tode^y the artist colorman must frequently difer 
against his better judgflieat and knowledge, unsafe Colors 
such as Carmine Lakes, Mauve, etc * and it is 
when such colors are unknowingly used, where perman¬ 
ency is desired. It is to be hoped, thc^unsafe colors will 
gradually become extijict owing to lack of demand*, as has 
IfeCE >Le case with a fgw colors in late years. ‘ Some of 
these colors have caused the inexperienced user many 
tears of re^et. Noteworthy fo mention here is tlie one¬ 
time fad or craze the use of bitumens, with well-known 
detrimental results, 

A more intimate knowledge of the materials, which artS 
used in the fine arts, not only stimulates a feeling pf 
greater confidence in their use, but these same materials 
stand in closer relation to the user, if it be known exacUy 
what their conatijnonts are anfl that they have been pre¬ 
pared for a definite purpose, in a scientific manner, ot 
carefully selected ingredients. 

The days of* mniinfueturiiig soereey in the pupduotion 
of artists" colors and vehicles slumhbhe a thing of the 
psftit. At the beginning of tlie last c^tnry many colors 
WGW find have since been diKcT^Vrcd and each’mami' 
,faeturer guarded his* formulas mid jirodiictfi ifl almost 
' careful manner. For examine, take the case of Prussian 
Blue. This color upon disc^overy.was immediately pro¬ 
duced by various colormakcra aiid^each naturally strove 
to have it regarded as a specialty of his own.* Conse^ 
qiieiitlyjhis color was put on the market under quite an 
ai^ay of names; f(>r instance, Turnbuirs Blue, Paris 
Blue, Saxon Blue, Mihni Blue, (*hinese Blue, Brojize 
*Bliic, Berlin Blue, and latckv also, American Blue. Orad; 
ually througliout the years that followed, tlie umiseful 
colors yerc discarded, but still yiany^ daugenms colors 
were offered to the profess^m who were entirely igjiorant 
of their composftkm (jr technical qualifies. To-day wc 
stand ill a positi(ui to call cljcmistrv to oiir aid hi deter- 
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mining the composition and compatibilities* In fact, it 
is to-dky possible to fl^'nthosize soipe of the fugitive natu¬ 
ral,tegetabje dyes, ol)taiiiing substitutes, wliieh arc per¬ 
manent and 100^*0 brilliant. 

There are on tbf> market to-day a great many unneees- 
'eary colors appearing under vayous fanciful names, 
many dangerous aniline or dye eolors, titled witl- mib- 
le^ding or alluring names, wlijcb moan iiotbing, but 
serve-only to attrad: the uiisuwpectiiijf buyer- -Admix¬ 
tures, to obtain unusual Imes, van just as readily and 
more safely be made Ijy the artist himself, to meet his 
special rcfjuirements, tlian by the manufacturer \iho is ig^ 
neraiit of tlie character of coltjrs used in conjuueticui with 
the admixture* 

<rhe artist to-day has not the time to make his own 
materials, as in the days bf the old masters, whose pah 
fttea were limited to hut u few colors, and whose vehicles 
and pigments were only accepted by them after long 
years of tedious study and tdiservatioii. 

We are prone icr credit tlie old masters and, ancients, 
especially those fri^m tlie time of Pliny about 77 A*D,^ to 
the oi^d of the sixteeik^h century^ with much toHiiical 
knowJcd^c concerning die comiKTsition of tlie materials 
they used* clicniiatr>\was practically unknown as a 
science before the seiTiitocnlli centun^, how could the 
painter, before this tiipc, ]>ossoss knowledge only possible 
to obtain in comparatively recent ycars^ The fact of 
their using mostly permanent pigments was iiotj.lirectly 
due to any scientific knowledge of the composition *of 
their products, but was chiefly a matter of careful selec-’ 
iion from an exceedingly smaU number of pigments, oils 
and varnishes at tiieir disposal. Their organic colors 
were few in number, th® inniimenihle, brilliant, byt most¬ 
ly fugitive synthetic dye-slntl*s known to-day, date only 
from 185fi, 

The artists living during the eighteenth and early nine- 
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teenth century were unquestionably the most unjEpituhate. 
During these years cl;pimstry wos^ rapidly iniroducing 
, new color^ many of which during their introduction ^'^ere 
oflfered very impure ajid tinder misguiding and fanciful 
names* By doing this, the manufaciut^^or thought to hide 
the identity of^the colpr, andJthe artist wasiforcoci to ae- 
l&et4j^tandards of hrilUancy only. 

With the unliraited number of chemical and nature) I 
raw pigments, vehicles and sundry‘products offei^ to¬ 
day, it requires a wide and intimate knowledge of their 
composition in order to make a proper selection. 

The purpose of this l)otik is to educate the user, not id 
the use of his materials, buUttJ bring to Intn, in a rou- 
versatioiial and as intcresling u nianner as i^ossihle, the 
chemistry and technology of Artists i^igtneuls. 
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AEurit«j 15 • 

Babbitt nuf^tal, 11^ 
Baotciriit, 201 
ll'^ckrium 201 

Barium, U4, 1-14j 14S, 

180 

chl«idc, 12j 63^ 80j 

165, 180 ^ ' 

* chromate^ 30* -11, 80, 
187 

hjtlroxidG^ 180 
Hili(;ate> 177 
aulphatv^ 62, Si, 82, 
90, 100, 114, 166, 
180 * 
sulphide^ S3, 144 
Barluj- 'uKiir, SOS 
'ilaryta whitG, lOO 
80 

18/3i; 38, 93, 
100, 119, 123, 138| 
133 

Base/9, 74,.7D, ,77, 1S5; 

, IW ^ 

Base, atron^:, 174 . 

'I'Oak, 175 

Bftsit- i-Hrbuiiaiy of lead^ 
49, ISO 
ziiiGh 133 

copiwr cai)*oiiaJe, l,fi, 
87 

77 

liydroiicle of IgiuI, 
122 

irf>a aulphatfl, 66, 94 
loiul acoUto, 188 
earbouptoj 49 , 

ISO, 188 
i-hloridv, 90, 124 
ebromati', 18, 39, 

40 

iiilvate, 122 
aulphato, 125 
oxides, 162 


renction, If8, Ai, 
175, 178 

Bocktoa white, 8^ 

Beet sugar, S09 
Beitlbral1T^ 25 
Bnigul indigo, 08 

HtTutciip, 44r 197 4 

BonRiiie, 12, 44, 196 
BonEoie aeii], 202 
Beiiaol, 12, 44, 193 
Bergblau, 15 

B(TggrtiCrij 87 

BeTliu blue, 2 ^ 
JhTuidlon, 117 
Biaueo argonlo, 55 
("lemiiitz, 49 * 
di Ziupo, 57, IBH 

^ di piombo, 120 

llJeaTboiiato sodu. 175 
Bin', 15 

gj-<-en, 87 

Bii-liloridfl of mm-iiry, 

190 

'Bile. 67 

Binary eonipoutnl, 156 
BLrmiutli, 29, 143, 190 

HiatiT, 23 
Biaire, 23 
Bituiiio, 20 

Hitumeu^ 2, SO^ 32, 115 
Bhu-k, 139 

Hlai-k buanl chalky 136 
23 

lead, 24, 59, 60 
Blanc d’ Argcnl, 55, 190 
do rrcmiiiU vrrita' 
ble, 49 

de Mendon, 1S5 
dn I'lcmib, 120 

dc Zine; 37, 188 
' Pise, 9, 40, 77, lOU 
^liiieral, 125 
Itiuncn dc Crcni8, 49 
dfl CremaifK,' 130 
tk platJi, 55 s 
de plonio |alba- 
yaldo), 120 ' 


OG^mc, 97, IBH " 
Bloacblag Powder, 168 
BkiWeiiMi; 55, m, 

Blen eelestCj 35 
CobultOj 46 
d^AnversiLj 19 
d'A eutc, IIS 
di' iMJlialt, 46 
de PrutibC, 101 
dc Thenard, 46 
di PriusHia, lOl 
Tiiiner^, 19 
Bioodatonc, 65 
Blue a^hesj 15 

Idaek, S4, 36, 49, ^ 
A'ruleuni, 3B 
d' A/iir, 111 
grcoii Qxidc, 08 
IViiiua paper, 11 
printH, 103, 186 
verdigris, 116 
\ milter, 15 
iiitriol, 54, 164, 187 
Bog i Km ure, 92 
Byller si-jile, 161 
ny^i, 96 
white, 4S 

Bolted gilders whiting, 
ISO 
Bolus, 95 

Bone bhnk, 24, 71 
browj], sS, '71 

Bomrie arid, 97, 177 

Bnrnx, 32, 47, 48, 177 
lest for tnetulH, 178 
Bnrif at^d, 144, 177 
Boron, 14Sf 177 
Brass, IS8, 181, 201 
Brazil liood, 9^ 106, 120 
BrriiiPii I due, 16 
Brick, 42 

Brightness of eoloi', 137 
Brilliant yd low, 96 
British gum, 005 

thermal unit (Bf T, 
U.)*101 
'Bromides, 1G8 
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Bromii]Cj 14 S> 

Bronze, 128, 181 
blue, 2, 101 
Brown bjematitej 03 
lake, Is 
muddar, 20t Hi 
oehrej 30, 03, 04, 
pink, 90, 137 
ultrajnaTinUj IIG 
Hrun dc Caledonie, 31 
Bruno di' Caledonia, 31 
Vaudyrkj *115 
Bran rouge, 85 

roMHOj 85 

a. T. V. (BHtii^li^VTher^ 
iiial Unit),*lfil 
Buektliorn lierricH, K^T, 
127 , 

Bu]l^cn buriirr, 144 
Burning, 15« 

Burnt enrinine, 27, 35 
ultr,., IG 
mdiTo, Oi^ 

Neman orbn.’, 27, 05 
Hienna, 27, 31, ^2, 
59, €6, lOG, 109 
Terre Verte, 38, 110 
ninbci-, 25, 38, 32, 59, 
104, 103 
wliite lead, 83 
Biiiane, 

Butea, 64 

rEuhnhnti, 143, 188 

I'hloride, 2% 38, l88 
JivdresiiA', 10 
nit mb', 188 
eiaiLgi;, 28 

oxide. 28, 1H8 

red, 31* 105 
* 

Bflenidc, 31 
KUljdNito, 29 j 188 
wuljdiide, 28, 1N8, 

]>3 , 

yellow', 1, 25, 38. 38. 
4h *Tj EO, 64| 63, 


73,*87, 96, 105, 

123, 142, 188 
* citron, 28 
deep, 28 
light, 58 
lenion, 28 
medium, 28 
Culnmine, 128 
CalnmuH draco, 52 
Caleincd ochre^H^ 93, 95, 
116 

* 

magnesia, 190 
pel Alii, 170 
4'alci1e, 125, 1J9 
I'alriiaij, 144, 148, 151, 
178 

alumi'iaU', 181 
carLoimte, 62, 71 
115,*135. 170. 179, 
131 

itilon.lc, INO 
Huoride, 109 
li^dJuKidt', 179 
nmgne^^ium sjJn-atc, 

19 

ciirlK^iate, 123 

jiLlVitf; 1€7| I8« 
o^i^l^^ 179 
lihnsyliate, ?L. 171 
silicate, 177, ISI 
N«ili>hri(c^ 62, 123, 

165. \m 

itullji flTCHIH, 62 

M’drntcd, 61 

f'nle ^i^r, 125 
('iileilonian brouii^ 31 

31 

Calomelj IDtJ 
Caloric, IfiO* 

Camphor^ 305 
Cane siigaCj 3lKt 
Cap pah f brown, Zl 
Capuxine madder, 33 
Capi^ niortum, 64 
jt^aramel, 303 
Carhohydratep^ 303 


Ca{l)o1ie aeid, 44^ 198 
oil, 4^ 

Ctiibon, 24j 32 1 44; 49, 
59, 71; TOj 101; 
113; 148; 161; m 
194 

Carlionutc of lead; 122' 

buRiCj 49, 55, 

180, fts 

ef jfbir, bortiC; 1J2 
('jirlnuiateH, 170 
C^arbon black, 33, 79, 99 
dioxide; 33, 121, 123* 
158, 170, 198 

pTcparatien; 170 
I'iirbuJiic ^^eid, J70 
monoxide, E71 

Urlraehloridj^ 12, 197 
Cn r I lOnimlmij; 177, 18,"',, 
Carboxyl gremy, 300 
Carmin, 33 * 

CnTmiiie,* ITT i:'',. 33, 43, 
72, 75, 5.;, 103, 

II; 33 

* Inkv, 33} 86, 108 
Nncaial;! 34 
yelet, 130 
yellou, 127 
fVirminic Acid, 33 
Carminie, 33 
Carrierp, 2f 74,*77 
('nTthamim tim-torins, 107 
CasscI bruwii^ 115 
earllj. 3$, 115*«* 
yei io’iv, 90 
(\itii iron, J83 
Ca(alytie*ageii1s, 152 
C;Hisj Ir, ulkahes; 173 
polasbj 40, 102, 118 
sodii, 40, 102; 173 
Cdiuloid; 106; 305 
203, 205 
(ement; 176; 181 
pijie fitters, 188 
natural, 181 
('eihJre Blcue; 15 

d 'outrtflncT; 111 



IITDBX 


214 
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■ 

trlue, ^5 

Q ^oltroiiiQTC, 111 

Totats 

^Tilzt dK ultraiimr^ 111 
yL^ruloan bluc^ 3^ 

InkQ, 71 
krUivOf 120 
VruAsu^alUi} 120 
VrussCj 131 « 

Ti^lk, 73, 93, r02, 114, 
ISS, 170| 179 
iVi'nch, 191 
blmrk iMiard, 136 
drawing, 120 
n-d, 95 

'hareoal, 19S * 

black, 94, 32, 49 
grtf.,',* 36 

li^Diicul dun tgi'S] 146, 
149, 

oijuatioyi., ISl* 153 
torNiiila^ 152 
nanu'ii, 156 

fiiys, 

^’’iH'iiiisIry, rli^airiiluiy 
lor, 14'6 
/iHTwylitr, 15 
:7iilo HaUpi kT. 167 
['hina, 42 

['kina 9* 43* 77* 113, 
114 

tlhiocs*' lihic, 2, M, 101 
rhini'K omi]Kt‘, 36 
iii'k, so 

viTniiliun^ 37* 117 
uhito, 37 t J3» 
ClklDTidc of Vwiiff 1G8 
Malts 167 

rhloriro, 148, IflH, 185, 
197 

linpanttiiMi nf, 1K5 
t'hlorofoTm, 12, J97, 200 
Chlorophyl, 205 
Chloridatmii^ Acid, 193 
(’hrorna, 139* 1^6 
Cliroiiiatc of bariuoif 30, 
134, 'lb7 

t 


L’broamto— 

of Itiftd, 30, 39, 1H7 
of wtTOUtiuni,^0, 134, 
IS^ 

of ziini, 30, 134, 1S7 
riulido (ion), tuat 
for, 41, 1H7‘ 
Ohrojno gnx‘hj 37, 68, 97 

deep, 37 
light, 37 
^ iiiediuiii, 37 

39 

ockrc, 94 * 
oraiigo, 39, 46 « 

red, 18, 39, 46, 105 
steel, 1K6 

ydjow, 30, S7i 39, 57, 
55, 73, 79, 81, 86, 
91* 94/96, 97, 124, 
134, 187 

' ('ilroii, 39 

dec[s 39 
liglil, 39 
luediuo), 39 
^iikc, 133 
<'hioiogidbj 30 

('hromlc and, 2iJ. 41, lN6 
anhydride, 1N6 
chloride, 30 
oxide, 96/08 
liydi-iteil, ,97 
iiioxide, 1H6 

Clirciinium, 148, 177, IW' 
greLOs, 1, 37, 96, 97 
(.'iaiibre vi'rt> 27 
("iiiabrio verdc, 37 
('iiiahro verde, H7 
(^innabar, 52, 117, 19<> 
("iiniuhar gr.rii, 37 
t'if/ic arid, 162 
Citron cadiniuiu yelJo>s 
38 

('diiMicii^elh, 80 
yellow, m 

< lay, 38, 13, 59, 93,' 102, 
109, li:t, 133, 126, 
128* 133, 176, 181 


jNvuviju^j 

49 

IfOrnelaiD, 42 
t^liiyg, rtnl, 1^3 
roal, 170 

43 

oil, m 

tar, 43, 90, 106, 197 
oJi/arin, 16, Z&, 

43 

enlom and dyes, 
*^43, 90, 201 
pitch, 21 

admit, 49, 148, 177, IjjT 

**rHen:i1e, 46, 48 
Idiie, 46* 47, Bl, 69, 
109, 120, 1S7 

^irhoiiHte, 46 
chloride, 35, 47, 1H7 
glass, ttt9 
jjriTil, 1* 47 
nil rule, 35« ]H7 
oxide, 22. 46, 47 
|jhos]diate, 46 

aTihydroiiN, 48 

ci^d, 48 
sulphale* 

Molels. 4«. 59, S3 
ye]lo^\, « 49 
CoiniltoUh oxidcj 35* 46, 
47, 98.* W9, 1M7 
Cidmito violeta^ 48 
Coccigmiiuni, 73 
CcJ^m^ cacti, dS 
llicia, 73 
hicc^^ ft4 

rin'hiiical, 9, 22, 27* 3*, 
4:{, 72, 74, 75, 108 
rjininne, 27, IWI 
gray and Mack, 33 
('fcriileiiEn, 25 

Coke, 43, Iftf* 

C{ deed liar, 64 
Colli colors, 138 
(Vdinblnu, t-15 
CoLogiie yjdritMj 19b 
Colloidal Miispenaionay 365 
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Caiodioiij ^ 

OoloRiie earthy 49? Hri 
Color, 199 • • 

nilvan«inj|r^ 13 S 
Color'blint^ 141 « 

lirij:litn(»Mi^ 137 
flu'diiHlrv^ 149 
138 

eonipl4?iiiontai7, 136» 

139 

conKtanlH, 139 

flOntrUKt, J37 

lirt‘ worlc, 144 
fluoruweiit, 144 
bill), 137. 189 
iiilirreiil, 138#* 
irit(Ti..ify, 130 

140 

lunum-spvnt, ] 14 
IniiiinoKitv, 139 
iirKHrivn, 149 
o|T^Hjue, 143 
phiis]ihurr^;tTnl, 144 
injnitivi\ 140 
jininan, 136 
liurity, 137 g' 
144 

II tiring:. 138 

h;ihir:iti'dH 139 
M'iUi' III' hTighthO'.ii, 

140 

136 

f«Misa1 i(in«, 13S 

slniclr, 138 
nhii'ii, 143 
fiiirfniVj 143 
tl'TtiliT\% 1^ 
tlit‘ijrv, 134 

tint^ m 

iojit*, 139 
trmisiii'iit, 138 
• 142 

laiue^ 138 
’wami, 138 
Colored glass, 177 
CMors, suii^ur, 192 
Conibustion, 1^9 « 


COfmAercial whiting^ 126 
Coinmou gir^sa, 177 
I6H 

KUg:ir, 203 

(Vunplemoiitnrj; r q 1 o t h, 
m, 139 

l^oiM^oviad HUlistaiicea, 146 
Conerntv, 181 
Conow, 140 
('onatiizit Kvliilu, 100 
Coiitmwt of color, 137 
siiiiiiltonoouR^ 137 
of lone. 13H 
ropnl rjsin, 57 ^ 

29, 33, 42, 55, 96, 
*116, 128, 144, 148, 
, 167, 177, 1M7, 189, 

261 

lie, 187 
ili ami tri liasb‘, 
lU 

I 

33 

hlun, 15 

t fiirboiiatc, bas;<\ 1^ 
liytlroiuiv, 15, 183, 

IS? 

iihriilo J87 
rtLj!vli!Lti', 15. 54. 164, 

187, 264 

flfjiiliydttius. 194 

trst fur 53, 55, 117, 
‘ ISN 

ro[)piTns, fi5, 102, iKl 
' oral, 125 
Turk hbtk, 49 
Oorrosivt' Hublimjilv, IW 
roriilimn, 35 
I'lirumLutMH 1^3 

Totton, 2Uv 
i'lap lak,'. HI 

bikf^s, nliK., It 

lli'nnnt?- 49, 55, 

ISO* 

1’it‘svls, 44 
( 

TnyPOti" nil, 44 

i d iunioi] lukr, 33, lOS 


Cro«ifc, 107 
• hativ^n, 107 
Croton, 64 
(Troivn glaao, I7J 

CruHe tiAplitha, 44 
firy-ntnlliiie vonligris, 116 
Cij'fitalliKatioii, 164 
fVystul Kixla, 175 
Cupric aecto-arb^nite, 53 
;4rHriiite, 53, 55 

('upToufl rjibJo, 204 f 
,Cuttlo fifli, lOM 
(’yauiiU- of potasrtiQio, 10Jl 
Cyaniut:, 51 

('yoiiogi^n, 101 

blue, 101 

(’ypress 51 

Cl ptuM green, 5] 

Uinher. I(f4i 

Daffoilil, 28^* 

JJalloi] autoTiiie i.yjjoth' 
HIS, 150 

first low, 149 

Dart rays, 13$ * 

' Iirivevs'grn.l-, 51. 98 
Ib'i'riinjS}.siti[Tii, 153 * 

lVe|? l iulaiiiiii] rrlJow, 2S 
^'hrcitiie greeti, 37 
yi^llow. 30 
luhnlt violet, 4M 

I>.-tft Mue. a* 

Deliquesci^nt, 164 
OeiNitureil ale oil 0 ^ 198 
iJerhy reil, J8 " 
DesIniHive iliritilhitioi], 
19H 

of Vhoml. 198. 
201 

l>eteettmi of basie iroa 
sulphate. 66 
diloriiie loji. 125, 161 
ehioiimte radicle, 47, 
1S7 

i njiper, 53, 55, 117, 

iSS 

dyes. 12, 45 
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iypsum, 68 
Ijjdrwlilorift «tid, 
168 

3odiv<;j 168, 865 
tiL^h; borax^ 178 
iiK^^als, 144 
holublo iinpuritiOA, 13 
KtoTfbj 78^ 168, 305 
BUgar (gluc<>8e), 804 
Bulpbatfi ion, 
radio] c, 166 
Doifrine, 20S 

7)^strose, 264 
Diabetes, aOS 
Diamoiiti, 144, 170 

iJichiornictbanp, 197 
]3ilute aoida, 1C3 
l^irect 153 

Direct ja, 77 
TJi aodiuui pliowplmte, 4ii 
DiBHooiatiri]^, 164 
iUi'KIlation, 131 

(lyHlruotivp, 18H 

43, ISO 

DMilLd verdijjria, Jlfi 
water, 161 
T'ivalojjcc, 162 
Double nitrite of <Libalt 
uiid putasf^iuniH 22, 
49 

replacejnniit, 154,174 
yiJLeato of o:ileiuni 
and copper, 5:] 
Dragot^'a blood, 52 
Dm\img obalk, 126 
Drftp biaek, 24 
lUniiDat V bJuCy 108 
]>utch pink, 69/127 
]>ut<'J] pi'ocefffi white lead, 
50, 55, 120, 121 
wliito lead, 50, 55, 
120 

Djer’a weed 137 
DvfSj 13 
Dyn iiinitej 166 

Kartli pigraentH, 82, 115 


EfferreBeenoo, 471 ^ 
lIfiaorefl(»nt, 104 
Egg shells, 186 ^ 
Egyptioit bine, 66 
Eloetric fupes, 190 
Eleetrolyais, Jftl 
EloetrolytcB, 154 
Klemeittnry color chojii- 

iatry. 146 

Kleitionts, 146, 147, 14ft 
atomic weights, lift, 
150 

dh^leijt, 162 
eijuiv^alent weight, 

149 

metallic, 14ft, 149, 
162,178 

metalloids, 118> 149. 
163 

n nil-metal / 14fij 149, 
103, 164 

Vi'iieting weight, 149, 

150 

spocific gravity of 

148 

ayjnbols of, 14S, 150 
table ofj 148 
valence of, UH, 158 
JlifeiLbeinisfehwiirtr., 71 
Miiieiald grev^n, 1, 36, 

117 

oxide of I'hroi'iiuiii, 

97 

Emeraude green, 37, 3fi, 
48, 55, 9 : 

Kniery, 181, 183 
K n g 1 j a h CoIcdoiiiaiL 
llTOW r, 31 
veriiiilioii, 37, 117 
wJiite, 126 

EuKMiies^ 801 

Kosinc, 18, 46, 68, 119, 

144 

E]i:,o]ii salt, 180 
E^juatJonA, balance, 163 
clicniieal, 151, It 2 
reversible, 153 


EquivpioiU weight, Hf 
Erythroiine, 68 
Esl.Ta, 20& 

Etching glass, 169 
Ktha'*e, IM 
Kthcr, 12 , 20 a, 20E 
lietrolenoi, 196 
Kthereal anlt^ 202 
Etbiop^B mineral, lift 
Ethyl acetate, 203 
alcohol, 198, 204 
Ethylene fi^riea, 496 
Etliyl oxide, 903 
Enxanttiic ncid, 67, 68 
ExtoiiderB, 9, 43, 74. 7J 

Face powder, 19, 36 
Fats, 169, 202 
Fiilty acids, 202 
Pchllrig’s solution, 204 
PpMspar^ 176 
PprijH-Jits, S04 
FcTrie ehlotido, 11 

forrocyonide, 36,101, 

185 

bydroxidp^ 102, 1S4 
oxide, 64, flS, 92, 106, 

1H4 

byilraicd, 66, 92, 
184 

Perncanliie of polaHsium, 
1D2 

FvTTOcyjinlde of poln-JF* 
jum, 191, 184 

Kt^rrn maugiiiiem", 186 
Perrons fprrieyanidp, 103, 

185' 

oxide, 183 

' sniphatc, fi5, 101, 

loe, m 

^ulpbiilp, 192 
tarinatc, 184 
Fertilisers, 167 
Peurigi«9 chronioxyd, 55,* 
97 

Ficus, 64 

Fingrr noils, 177 
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nri-, 15S 

17f, ns 

nri’ protit' fottoii 

18V * * 

Kirt*-irftrk coIoi'm, H4 
Klftki' Mu\ Tii, 12tt t 
miotioiiH 144 

tont for im'tiiK 144 

I’Jfsth oclifr^ ,16^ 
l-'JiMt, 177 m 
177 

J'ltnifT DC 

(il HiLljihur, 

191 

144 

FhiiTliir, jts ifls 

riuur >\):ir, 144, tiV 
riHjl'i' ni 

l'lrhr:in]ihi1Vi':i, IJ/i 

l-'oniL^lili'lj; ih', 24HI 

J-Vniallii, 2IKJ 
|■'^^Trinilri, i-hcFiiiiiif, j"<2 
i:i!i[»]nr, 191 
Htl 194 •* 

i->iU'tioEi;U 4!;^. 

m 

l'''iiinkfiir( 24 

IViinkflirtVI' SrlusfU/, 
J’'raim!iofvr'h liiivs^ 
l-^^fiii'li ll2 

vk'ilk, 19, 191 
m'tirv, 92 
l-’ri‘ijrli-|irovi'iis ftitjt' 

IWO ^ 

iillrinaiBiFiv, 11:2 
wniiJlitnin ^7, Mr 
Jf.i Ill'll 12S 
i'riirriwf* 2ftS. 2(W 
riirh^iiii', 44 
Vui1VT*rt I'iirtli, 42 

199 

■ FiiJ^tu', 75 

* 

lE«J>'i];i> «ftpn25p IKS 

{|]l |i.. irp^y 1 QD lUJ 


iJrtTiTliofilt 38p Wp 63, 142 

(Jiinilpo^iiim, '56 

Wl, Ml 

njii'fiac-v lirun mii^f, 26 
[^r(Tann‘ hi [nig rnsHji, 2G 

(tijmiir'E' m»iA. H4 
liui'^iisin I'lija 211 

tpilrvliihi tnv, 56 
(‘UrjiHh, I7ft 
tiuj^p 19H 

hltit'k, a2 
(iiisiiliiir, 1% t 
iJjiw ]HriTlFf 6 

(h'li;iF]LAr lliiivne k-nh', 

• 23 

I M0>JT*)iF3trr f>rk(*r, 955 
{pvhriuinlL' Sii^iipji, 2J 
(pE'hi'nmirp' TiJiSjui, 2^ ^ 

Ipp'iiiii^iv iiltraiiifjrliM'p lit 

MTiiiifiini, 105, 117 

(Irruiliillntilrti, 5N 
tivriiiiMiiii Istkr, 7tH 
I it'] itiiih sih i-i'p INI 
I:isi[J:) ill l>[intr, HO 
^Jititlrp i1i nipl]|ii[>H 2K 
ill VFlFMin, HO 
pji \iiyi}U. 91 
pIi ,sttrn>/i:iHH‘i, HO 

rli ... 

iruIJiLFKi, 67 

Iivhjtv, 1271, 129 
I ifnEC'LHiJ ][' :iri J, 2M 
(IljiHt, J77 

Ipt'iihl ti'st, lnpl■!^^, ITJ' 
cvh 177 
P'VIlMlllPhp 177 

177 

rtpOiin^ i}t\ 169 
Mini. 177 
o[);ih''4rvtil, 199 
ii imtoit, 177 

(:km}PE.| HU, • 11 .P. 

t7rt 

111, 145 

tMirio-* l&S, 203, 31^4 
(:lyi^'iiH\ 1S8, IflS. 202 
IJlXroh 19S 

• l J titp,l I piu T^Eppv 1 
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(^aK?, 148, 167, 177, l90, 

i»a < 

tiiilclcn <K'hi'e, 94 
(idhiovkor, 94 * 
liomaj^uta, 56 
(juniH giitUf 56 
(tr>jj]ma f^uttn, 56 
('66 
(iLnintii^itt] 56 ^ 
llriLg] aliQhul, 19H 
(Jmiiittp 176 
fiinpr 204 
(Jni|phK- 194 

f^riiphiU', 24, 59. no 

I^Tiiy ..kiiil'nip 33 

EiH-fiuiiciTifKp, 11 ; 

(;ri'vri S7 

IpIiiv i^xiih', 9H 
roppi'i' H7 , 

I'Jirtlj, 28, n« > 

Ir.ki'fi, iiipMliiihi, 

fill 

Mriih-s. "iSil 

Tscfil n^iiLv iP\l'lc, 133 , 

iiM', IJO, 11% 

wjpMtcM, H7 
^ E'l eii]1iu4Ih 37 
^ulrifl, IH4 
i r r I'm holt, 36 
J^iyiir, 98 

liiLs pIe^ vhai'hiPt], 36 
liv r'iiE'biiiJ#3K 
.[V J^UVEJE . 9H 
i;i'tLi'iirrp|v, 110 
tpi'iu'TEvrluvk, GO 
^pEELi'Mos rliroiiioxyd, 96 
(b IL01lH|Ultl, 116 
tpiLi^iivtt^U'E^ir, 97 
(lEiiiiii't 112 

fiiih-i'iptliFii, 166. 205 
M^iiihlr, 205 
57 

HipMUELp 61, 73> 77 p 93p 

102 , 109, 114* 123, 126> 

* ISO 

poliKk, 19 

sjiiir, G1 

Ip'mI fppi' 114 
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[lalOgl'IlB, IGg f 

llaril wftfer^ 161 
llarriHOTi red, 98 
Heat 136 
lli?flYy oil, 44 
ispar, 1<M) 

Heimni, ]+S 
Hcptaiie,^196 
Hexaileiam^, 19^ 

196 

Hooker^s ffiren, li>;Ji1 and 
jdeep 57, 63 
Hookprsgrueu, 6^1 
line, 137, m 

IJyiirurjjjTuia, ]9U 
llyilmteii aluiiiivuin Bill- 

eate, 4a 

I'ali'iftjn fillip))ate, 61 
cbroiiiic oxitk', 97 
fvrr'w jihiiile, 66, IWI 
iron o*ii\e, ^26, 31, 
92, 18Jr 

jnagnefliam Bilii ato, 

19, 191 

mclaniii<We. ]^9 
oside ofiJion, 80> 

S2 

idiTONiiuiii, 27. 

4S, 5.V 97 
163, 16J 

JI ydiOL'arlyiiis, 44. 16!), 

195 

Hydriirhlork an id, 11, 
13 4* 1«7 

ti'Ht VoJ't 16H 
Kydrofliiarii' ai-al, Ifi!) 
iljdrogea, 147> d4S, 194 
chloriik', J67 
Ihiorjilr, 169 
selenjde, 31 
sulpliirir, 29, 122, 

193 

llydrolynu, 175 
Hydrolyze, 264 
Ilydro-siliYkte of ziiu', 
123 

nydroxide**, 162, 173 


HydrojtyL gmupf 178*198 
Hygrometers, 187 

Hygriisi'oiiie, 161, V* 

Icidaiid a^r, 186, 179 
i 11 imiirating gas, 198 
luiilation veritiilioii,,IH 
Indanthrene, 44 
IndiatL lake, B3 
altz., 16 
puriilo, 64 
iT.i^64, 95, 1S4 
yidlaw', 67 
ladiLan, 69 

Jail'nii, 6H 
liuriL'MiiL, 70 

lii.ligo, 22. 62, 67, 68 . 
92, 9G, 9S 
Hi ii^al, 68 

69' 

nai iiili]!', 6H. 79 

■fviiMietie, 44. 79 

!eii^ 69 

nW\U\ 69 
I jidigotVrn, 6S 
I ndigcdti], 68 
] Jidn'ml Klin- 

130 

[nnii^^nhi'ot, r>4 
Imli^idj^tdli, 67 
J iiliYi flit r.diM i 3 N 

Ink. lOS 
SO 

netting, 1H4 
I n'j-ntiL-idi», 5& 

JntniSL- blue, 68, 70 
Intensity, eoler, lUW 
Invertasr, 294 
iiiu'rt sugar. 294 
Iodides, lfi9 
Iodine. 14H, 168 

if'.t i\tT, 169, 395 
I iiinl nri' i^f, 16!) 
Imlnt'orin, 200 
[ riHiiiini. 14S 

Jiciii, 29, 33. 42, 924101 , 
126. 146, 14N. .64. 
177, 183, 192 


i-asjk 183 

byorate, 27, 28, 66, 
* 89,* 82, 96 
hydros ide, 93, 95 , 

,103, 110^183 
oside, 27| 42] 56, B4, 
88, 92, 84, 86, 
102, 104] IIB, 
116] 118, 18S 
dt-ep and violet,. 
64 

h> dm let I, 26^ 39^ 

h 

]iyritesj 111 

jnst, I4G, 18S 
siVente, 110 
xitriol] 101 
ni ought, 183 
]>iUin, 69 
lluliau Mill-, ;i 
on lire, 71 

iniik, 60, 137 

Mi nna. 27 

Uiiry Idank. 24, 25, 32, 
36, 71, 79, 98 

daiinn itiilllnnl, 25, 30 
d"Ant Liindne, 9l 
dr liaiyte, SO 
lie \ ndndiim, 2S 

dk' < 'hvooie, 39 

di ( Ml alt, 22, 49 
<U' \ai.ti s, il 
iU- stroidinne^ SO 
lie Kinr, 133 
Itidintij 22 
indit'i'. 67 
Koyal, t6 

KaLlmintiignlh, 2S 
KiLledomsb Hmnn, 31 
Kaolin. 42 
Kajipahlnann, 31 
Ktiriiiin^ 33 
Kernii'M lierries, 73 
Kmiirs laki-, 72 
Keiosniie, lv4, 19H 
lieloius. 
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Klftstlgulir^ 43 
Kuidlin^^ fciiii>n'atnr(>! 

158 * ' 

Kings Idue, 40, 109 

S9» 4h^^, 00 
Kobaltblau, 46 
Kobaltftelb, ffli, 49 
Knball Gruon, 47 
Kobaltviukt^ 4S 
00 

KnhIenHchwurz, 33 

KruiipbiL'k, 

Krt‘itiK‘rU( Jdttj 49. m 

Luf, 8, 9, 63, 74. 7S 
Laaa aNinriJln, Jl!? 

Lai'ii (li^ gimnj/]i 84 

dr rrnmoift, 

16 

ilr grrnnio, 5K 
rwrarJata, 33^ KIH 

\rri\t'f 60 
Liirra, 9, 78 
i1 'idiKariii 
16. 

lii 84 

K^’rnniit, !i8 
giiilia^ J'liiTnv 137 
}«f'ar]uttHi, 33, 108 
vrnlt', 60 
J,ai; d\%, U4 

l:ikr. 63, 78 
Lartii.‘, atid, 2(fci 
Ijuko^ :Oi/.jiniiH 1, 10 
lilm*. 16 

hu^it* 1 ariTiiiR', 
16 

['Eiriiiiiir, J6 • 
I'lial tar, 3 a 
iri\\>, 16 
criiii^oi], 16 
jjrmi. 16 
16 

mudilrr, 16 

lOy 05 

OTfingr, 16 


»akv, ftlianrin— 

rose njadder, 16 
nap gwonj 16 
Kcarlut, 16 
}eMt}v*t 10, 68 
aniline viololj 80 
23 

Iji'own pink, 26, 127 
CiLpuHino maddrr, 33 
(arinine, 17, 33, 108 
rrrule:i7i blue, 71 
(’liinoitt! nraitge, 80 
i^iOorK, 58, 74, 100, 

Ae. 182 , 

84 

(Tirnnoi], 33, 108 

Diiti'h pijikj 60, 137 

i;rrftninin. 5K 

Hforii, 00 * 

[Tim-jf^iin mb 63 
liLdisLfi, 03 

piirplr, 64 * 
Mndiaii Mur, 71 

fiO, 127 * 
Kri'int;>, 72 
63 

iii:i-l*)rr 17, 84, 106 
hrn\\ n, 26 
riijmdir. Si 
Jitagi'tila, m; 
itmuvr. 94) 
olift', 95* 
grern, !15 

|irijiiaiirnt vriins^in, 
. 16 

violet, 16 

pigments^ 8, 44, 58, 
74, 116. 1S2 
pink jnaiiner, 84 

pur]d<H 33 * 

<fmTpitroii, 2:* 

rarthLi7ne, 106 
- Doree, 84, lOG 
madder^ ttl, lOG 
deep, 84 

m 


fiubens iimdddt^ 84, 

100 * 

aaJflowcr red, 107 
Heariet, S3, 40H 
erap, ig • 
turquoiH Muc, 71 
Venetian bine, 71 
iseiiTlet, 73 
vinb't, 00 9 
’ fiinp, 16 
yffEL>^v, 26, 95, 137^ 
(.nrmjiie, 127 
iirnddurj 127 • 

Lamp blaekj 32^ 36, 51, 

62, 90, 99. l9s 

JjEmipviixehiiara, 79 

]ja]M^ laanli, 90. m 

bbjo. Ill 

Linpm (1 "aJjzTiliiir ear- 
niio^ej 16 
di' 84 

dr ►, 127 

reailatr. :t3, 
^^rraiiiLUH. 5S 
\rtt. 6J 

Lasui pi 

J,Eiijglii]ig gji'v^ 160 
liinv* [jf ilHiaMt. prttpoi- 

lions, 149 

Lead, 29, 96. 118, 131, 
148. iHt^p 189 
jAad arrtatr. 89, 40, ]2lj 
i:;4, ISS 
basil', Is^ ^ 
aJiliniuniate, 91, ISO 
bJ;jek, 60 
raHk>i]att\ 122 

basic. 49, 55. 

120. 188 

rbloridr, 41. 167, 1S8 
bofiic, 90, 124 
chromate, baKic, IS. 
39 

ncutrab 39, 73. 
124, 187 

dlo\idr, 188 
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INDEX 


lia 

ImBie,. 122 
Ji/ioleutc, S2 
ULOJlgxi<k^ H2 p lOfip 
124 

nitrate, J8ti 
oiideH, 124, ISK 

peueilBf 60 

lieroxide, 105^ JSS 

silitjafHj 177 
sgftp, 83 t 122 

IS, 2#, (jO, 
123, 125 m 
lianir, 123 
neutrn!, ;]25 t 
lt>5 

snlpliidf, nj. 122, 

rss 

ullit-', 130, 131 

1 I'jifliHl zinc 133 

Li'Ui ]i y l>l;u'. Jit 

Jj['i|jcm iiidini'liik 

23 

rhriMiir, 3S» 

41, 53, hU 
J-eUf-aiinn intxi-., 
l-ft'liter (k'lsti, Si 

i'E^hinniM , 

2S 

rlirunii' JtT 

ydtfuv, JtO 
^'olinlt ^mltl, 4S 
f'lilored, 14U 

H5 

iithn^ 03 

oil. 44 

m1, {jS, IhV 92, OTr, 
1S4 

JjiKniU‘, 115 
lAuw. 43, 71, 179 

bJue, IB 
milk oP, 170 
1/ime-|nnof ■■ 7 

>lakeil, 179 

Liiiji-Htotir, ISJit 170, J79. 
131 

wattT. Up 170 


LimonitCj 2S, ttSi 
Liniizi^ 205 
Liquid at'ph, lOS ^ 

40; 91- 105, 

134, m 

Lithium, 114, 143 
Litho]iune, 4L 100 
Liptinis, IflS, 174 

pajiern, U, 163. lOK, 
174 

liUHwuod, 9, TB 
Lnmjtir^, eiit, 144 
Lumiiiu'iil V, vuUfi\ 139 

1-M, 102, 17S 

93 < 

.MjulJt'f hruHii, 3(j» 84 
(iMminc, H4 

' h\v^, 17, 54, 84. 109 

hjhi' alijf.. Hi 

r\ti!i 84 

(iiMpkp 36, 84 
ic»n, 15, 2fi, 43, 74. 

75, 85. 105 
U'llinv 137 
Nti 

MawJinsa, m 
tnWiur*]. too 
whfV^, IfNt 

>]HL^iii'dlr. 133, lOJ 

143, 100 
114, 100 
ihloiale, lof 
I Liinutliiite, 57 

JOl 

^iJieate, 19 

hydiatck, 101 
Hiilphat^^, 100 
Miiladiiti' 87 

\hihii hitgnii'i, 87 
MuifjfHtniitett, 185 

iruii^uncHe, 33> 42, SNp 
114, H3p 177, IfCi 
humks 1N6 - 

iliuxkhs S3. 184^1 
oxidr, aSt 3L 42,.43, 
38, 104 


violcl^'aS 

filaple Jiugav^ 008 
jftirMc, 170, 170 
iluHt, 135 
jqdish, 19, 19D 
MaiH hruivn^ 80, 33 
eoluni, 80, 93 
(iraiiKi’; HO, 93 
ivil, 80, 93 
violets HO, 03 
yHkni, 80, S3 
Mur^h 105 

Mt'rVs, i%o 

MnHHiiut, 83, 124, IBS 
44> 45. 4S, 00 
IJ thlnisli), n 

MiiineiLi, 00 

rulor J37 

Meijiuiit I'Uijjurititi villnu, 
23 

< linmi[. ^7 

,vrLlu\^, 30 

M['i‘(H4mL]iii, J9. 170, 101 

MiTin’tfti', 104 

Ml ri ui'i'- ^'liU>riiL', 103, 
120 , 100 
iMrjiih', 10;| 

}iiil|ihii!i\ 37 - Ui, 

too. 103 

\n-TiLitiniis, 1S> 37. 

117 

Ei|]^ rhluridc, 167. 

100 

Mi'MiiM, 117, 147, 14K, 
HIT. lOfJ 
lilrii.l, 117 
\lrlalEt]nls. 149, 152 

MHnllic ek'iiu’iils^, 148, 
140, 1G2, m 
Mi-lii-siJiL'ir nnAf 176 
Ml riijuie, 105 
.MilJn'i nircihol, 108 
^li'll]^^!(;rcen, 45 ' 

Mil'll, 176 
MhLiik- uiJ. 44 
Mi hi ^dilte lesd, 

.121 



rXDEX 


22 ] 


MTlk of lime, 
sulphur, ‘n 

sugar, 202 
Milori blue, 2 t 101 
MinepR] blfte, 1$, ]il 
gfay, 90 
green, H7 
orange, t04 
pigmeutN, 10 
pitch, 20 
Minerals, IBl 
violet, 

whiU't 1^0 
jcUaw, 99 

104 

Minium, 82, 104, 1^, 1:^4^ 

m 

MitiH green, 53 
Mittler^H *7* 

Moiaeses, £03 
Motleling clay, 43 
MoJeenle, 150 
Moiiot'hinrmHhane, 197 
Morilaiit, 7tv 7H. 183 
Oyen, 77 

Mortar, 62, 176, 170*" 
Moth-balln, 44 
Mother of vinegar 201 
Moozitain blue, 15 
green, H7 
Murilnge, £05 
M11 111 N13* !o, £] 

Muriatir ai'id, 167 

Xneaiat earn line, 24 
Name, ehemienj, 356 
XaiititJia, 44t 1AG 
Xuphthnlene, +4 
Najiles yellow, 25, 30, ll, 
ISO 

?C(iaeent ehloriiie, 167 
^ ’oxygen, 168 
Xative* raw earths, fltlJ. 

115 

'(^tural wment, 181 
* coloriii^*inatters, 75 
earths, 9^ 


bchrei, 92 
red oehrey, 94 
v^ter, IGl 

SaturaLi!) bifrtoria, 15 
Xeapelgelb, 0> 

S^gative colors, 140 
a^ulado, 24 
carbon, 32 

fie humo, 79 
do martiJ, 71 
de Nueao, 25 
Xero bicuafro, 24 
earhou, 32 
d'flft'oiro, 71 
funin, 79 

Xeutttilization, J55, 193. 
174 

Neutral lead din>wiati\ 

39 

snijiliflte, 125 

oraiigT^ 91 

jiotaEiSJum ehrijitLale, 
44) 

sa[K 174 
tint, 92, 98 
Neutraltiiite, 92 
Ni uwiefLjbUie, 15 
New blue, 92, 112 
Nicki'lf US 
Nitrate salts, 166 
Sitrie arid. iK 102, 160, 

190 

Nitrite of lolmlt annl 
potassium, double, 22. 

^49 

NilroreJJuleHiHfl^ 393 

Nitrogen, I 9 I, itS. 15S, 
159. 194 

Nitrogen Oxides lOU 
Xitroglyeertiie, 109 
Noir de bimgiib 79 
de eharlHoi, 33 
de vigne, 24 
fi"lvorie, 71 , 

Noir^ bleuiitre, 24 
NoAeaelature of enloi^, 
10 


Non-?leetrolytes, ift 
NAi-ilammable cotton 
goods, 1H9 

NoH'metala, 14S>tl49j 162, 
164 ^ * 

Normal green, 64 
Xucrnberger violet, H9 
Nut galls, 184 

Oelfre, 26, 27, 28, 42, 56, 
■S6, 5S, 65, 66, 70, 
71, 7L 89, «T 98? 
103, 104, 106, iig, 
184 

artiadal, R9 
blown, 26, 92, 94 
Imr^t, 95 

Kiniiau, 27, 95 
eak ined, 9 ^ 95 
eh roll le, 94 
flesh, 56. 92 

$3 

Itidinn. 7t 
light, 92 
na^ura4, 92 
reilf 94 

tJx/ohl, 94 
I Oman, 94. 106 
trails, golden, 94 
yellow, 92, 94 
Oeker roeniiKt'b, 94 
t>erp amarillo, 94 
hrfllee, 95 
efiJoj t\^ i'.'inft‘,^56 
de ehair, 56 
de ciro, 94 
rie Homn, 94 
de It lime, 94 
d'or, trans,, 94 
jiuine, 94 
testa do, 95 
tleiio hruciate, 95 
<li eariie, 56 
ill Koma, 94 
dornta, 94 
guftla, 94 
Oil of vitrigl, 16B 
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[)]cfiaDt gas, 

series, lOfl 
L)k‘ic aci(), 7i fiffiS 
Olein, rSOfi 
Olivf? gri'tm, ^ 

alia., 16, ftu 
lake, n 

slYh,, le, Vft 
Olivungrucn, 95 
OlIrtHunrc, 111 ' 

fhiftra, 92, 113 
SO 

Oiiys, 177 
177 

OpaleMernt glass, 109 
tlpaijue rolor, 143 

oxifle of HiToriiLimi, 
37, v4S. 59, JM! 
Orniigr, tailmiuiri, 28 
tiiiot-ral, 104 

viTinilioiu 37 j 117 

t)rrs, ISl 

Organic af/nh, 300 

eiiomistry, 1«9, 101 

pignieiits 10 , 
{JppiiUl bill.", U3 
l>rieTit jfllow, 28 
Or]iimeTit, 42i 73, 104^ 

]72 

Orr s white, 

Oilhortonhle >tu]]ihur, JOl 

Ortho-silieii: at'hi, 17H 
OfisiJo ill eiooio verde, 00 
Outrrujjr, 111 

Ontiemcr elflir, 92, U2 
jaune, SO 
arjd, IQl 301 

aahydroos, 201 
sublimeil, 201 
Oiford ochre, 94 
OiidatioTi, l54i 15H 
Oxide of ahitnioviiOj 46 
of rhroniium, hy¬ 
drated, 

iipaqoe, 37, 48, 
59, OV. 100, 
186 


transjy^rcnt,'' 3^ 
55, 69, 07, 100 
of colljjilt, 45,^47, 48 
of iron, 27, 28, 92, 
o94, 1R1 
hydratedj 26, 28, 
89, 92,, 95, 

184 

of lead, 83. 104, 124, 
188 

of TuAgniiese, 28) 48, 
31, 42, 104 
of 7iucj 37, 138 
red, 04, 104 
tKidrs, 158 

of nilrogrn, IbU 
acidic, 1G2 
hasiu, lfi2 

(^xiilizing ngnitsj 1G6, 

IfiS, ISO 

Oxido de crojfio verde, 9G 
Oxyehlnride of lend, flO 
Oxydr vi rt de dirome, 00 
Oxygi'i;, 33, 111, 121,1*7 p 
148, 158p 194 
(Khler shells, 135 
tlzoin^ 159 * 

J'silioitie 202 

1‘almith], 303 
1‘aniietier’s green, 97 
Vaper, 205, 208 *' 
rarntrio. 190 
oil, 144 

■‘H'riefl, t05 ■ 

Pardo dt* Oaletloiun, 31 
de t’appah, 31 
rf>.jo, 9B 
Vandyek, 115 
PnrU hlm'j 2, 101 
grei^ri, 53, 55 
r(‘d, 104 
white, 9, 125 
yel1(}W', 30 
Payne's gray, 08 
t\'ach tilaek, 00 


ivaMiea muo iniu. uiui^/, 

: 71 '' 

./oa^is, 125 
j*entanOj 105 
Perfu^nes and i(lBvor«, 80 S 
Perkin's violet, 90 
Pemialbn, 23, 25, 30, 6G, 
S6, 92, 00, 122, 123, 
132 

I'ermanoiicy of pigruonts: 
S 

l^rrionneiit primKOn, 16 
iiiue, 112 
grcea, 100 
\ermilioiiHj 1 

^hdet, 88 
lake, 16 
white, 99, 100 
yllow, 80, 81 
J^Tmaogn nates, 185 
Persian herries, 9j 127 
rM, 18. «4 
JVtroh 106 
PflTolutum, 196 
Petrolciini, 44, 195 
ether, 106 
J^Avter, 189 
Pheiud, 108 
J Mien ids, 44 
l^ho^phorest'eneej 144 
iMio?>pliiiri[' tteid, 46> 88, 
171 

exiile. 171 

)'htrsphoriiSj 144. 348.171, 
194 

peotoxide, 171 
led, i7r. 
white, 171 

Pbysieni dmnge, 146 
PlgiMi nts, 5, 15, 141, 143 
ndjeetive, g 
ay id-resistant) 7 
alkali-proof, 7 
earth, 92 
gan-proof, 6 
lake, 8> 74 
liuie-prtwf, 7 
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nomenclature^ 
orj^anic^ ft 
pcrraancDcy o^^ S ‘ 

• raw^earthj s$ 
Hubataotive^ S 
Pink madder, 94 
I'ipo idflj'j If 

£ttor (3 cemmdj J98 
, Pitch, eoul tar, 21, 44 
mineral^ 20 
Piiiri, CT 

Jlawter of PaiiH, flS^ ]9o 
Plastic, eluY, 43 
Hulphor, ]fll 
Platinum, 148, ]£!, m 

PliiiVj 15 * 

Plmubuf'o, ^ 

J'oHsh for gjp?iiiJt], 19 
for marble, 19* 191 
Pompeiian rrdj fi4, (lA 
J*oncelain, 42 
clay, 13 

PciHitlvp culor-s 110 
Potash, 109, i:0, 1.S2 
ealciiiod, 170 
Jy^ 173 

I'otasHiuri], 114, 141. 148, 

17S 

acetate, 39 
sihm^, 

Ipi4ir(mia1c, 80, 97- 
ISO 

borate, 97 ^ 

catbonute, 170, 170 
chromate, ImO 

40, 80, 

186 

evanidc, 101 • 

iluihrotnate, ISO 
ferricyamdu, 102,185 
ferrocyaaide, 11^ lOlj 
102, 1S4; 185 
acid, 54 

bydroitido, 40. 17£t 
iodid^ 105 
ThauganatCr 185 


167 ^ 

permatiganato^ 185 
ailicjLte, 176, 177 
^timuate, 55 
aulphide^ 104, 118 
water giassi, 176 
Pottery, 4f 

Precipitated eV.ollij 77, 

125 J 

Ih'eiHetvfftivc, 177 
]'reuFisicht>lau, 101 
Priniiiry, colt>v|, 130 ^ 

Prisniatic win'clrum, 13.'> 
Nftiphur, 191 
J’ropam', 195 
Prcieiiis, 170 

r^rusMKiu blue, 1, 2, 19, 
37, 38, Gl, G2, 
57t 60, 61. ti:b 
96, 97, 191. 

110, 114, 117, 
i42i isr^ 
soluble, 101 
bro^^ii, 103 
(^recn, 57^ 63 

rjus'-jote of jtotiish. red, 
» 102 
yellow* lOi 
Wirf Htarkd, 103 
J^uvilv of color, 137* 139 
Purple lake, 33* 48 
laaddei* fO, 84 
Purpnrin, 16, 84 
Ibirree, 67 
ibitty, piO 

PyroIiiTucous iicid, 201 
I'ryoteciin^ \*, 144 


tjuolilat^ve tost tjf pi^;’ 

ments, 11 
Qnarli!, 177 
(Quercitron, 137 

bark, 26, 43, 74, 75 
127 

lake, 26 

rjuieklimc, 1:^6, 179 


tQuaffc-proeesa 
» 55, 131 

tQiiicksilver, 117,147j 100 
vermilion, 50, 117 
(QoillSj feather' n7 
Radicles, 155, 456 
acid, 163 

Radicle, aQimonjuii], 17b 

Ttadimuj 148 
N|,iTibf)w, 135 ^ 
Kain^water, 161 
Raw earthtt, 03 , 

Raw Sienna 27j 42, 5S, 
66, 71. 94, 96, 193 
uiubcr 28. 3i> 32, 43, 
104 * 

Keoctiu^ weight, 140,150 
t!eage*ts for teHtini^, 11 
Realgar, 104, 172 
lfcl>eiiHi'kwaT^^ ^4 
Herl idmlk, 

I'Jay, IfcJB 
hftutRifite, 95 

]rioi ore, 95 
oxide, 64 
stone, B5 

rvii.l’lS, 59, 7T, 104. 

list 119. 120.* ISS 
litiiiua paper, JL 
nrhrp, 65, W 
natural, 94 
oxide, 64, 104 
of*leBd, 18S 
]ibosphor.itH, 171 
j}ru!!^iat^ of potus)i, 
lOe* 1K5* • 

Kcal xLne oxide, 133 
liltrajiiarine. 114 
Rcdnetiig ag^’id, 189 
Keductioa, 154 
Retina (eye), 140 
Retiriug colors, 138 
Keversiiile eqiiatioiia, 1S3 
ttliamnies, 137 * 

Rirmiinn's green, 47 
Rochelle salt, 364 
Koe(r candy, 205 

com III oil, 178 
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INDEX 


177 

Hoitft, 14n 

fioltc bI, 100 

dp ypnepia^ 64 

imIipnOf 64 
Wi^pIuIt 167 
Roil snlphurj 1B| 

Homan otbro, 34, lOfi 
Hepia, 106, 100 
How partftami’, 106, lOJ 
Doi^p, M, im, 

16 

maAldpT, Hi, 106 
dpcp, HI 

piiik, 106 

Kosj(n di Sahurjio, 104 
lU Ypoe/ia, 64 
India no, 64 
vegptalf, 107 
Hotten 43 

RoV^ 6^' KW' 1^4 

(k‘ 64 

indiPO, 64/ ' 

107 

HuyaL 1>Jop, 103 
st'flrtet, 103 

Ruben's madder, h 4, 1IR( 
Rubia tinHurhiD), SB 
Rubira, 35 
Ruby, 144, 181, 18S 
RuiLdle, 95 

Jtuii, 146, 1N3 

Sai'i haroMPj 300 
MkfTuTot, ^107 
Safflou>.r'red, 107 
yellow, 107 
Saffron, 107 
Saft(<rupii, 107 
Sal ammomar, 91, 114, 
178 

Saltr table, 16S 
ehlnride, 167 
roitinicin, 16H 
saitpptpr, 167 
Salts, J6S, 17S 

alum:nates, IHS^, 
tarbonates, 170 


bromidpa, 
pthereal, 903 
Bpsoni, 133 
tllauber, 101, ^113, 

‘ 

iodides, 169 
man Canutes, 185 
neutral, 174 
jiermanganfy^rK, \Ha 
Hoehelle, 904 
3!iJie, 180 

Kami, 43, 90, 126, 177. 

179i ISl 
utone, 177 
Sa-p ^;rei n, 107 
a]jK., 16 

Saphir (HftpjjUirp), 111 , 

181. 183 

Seponifli nt ion, 202 
SatLirateil t-cdor, 103 

iSatuni red, 104 
Sa^oi], Idue, 2, 101 
JSeule lit' liTi#^UtnpsN. 140 
S< irli'l autinnmy snl 

[-hide, 13t> 

i Tiip lake, 16 
kikeH Sa, lOH 
vpimilinn. 37,*117 
Srlinrlaihrot, 3S, IfW 
SclifHeV jfireci], 63 
Srlivvidnfurt Kiei'ti, 53 
Si'UwtTHpftlweiuM, 100 
Seeiiudary roinrs, lift 
Selemum, 116, 148 
Sejda, 106, 108 
fish, lOS 
lifpiid, 108 
lobfio, 108 
nffiidualis, IQS 
Hobiari, my 109 
Mepia, Warm J09 
Shade,' 139 
SJiepii, 143 
yhrllH, 179 
Simdif,B2 
Siemia, 66, 71, 94 
Silei, 177 


Sitiea, 35^2, 43, 69, 9^ 
109, A3, 123, 133, 170 
Siliea^p o4 alumina, 42 
Ilf luleiuju atid Piip- 

ner, double, 69 
of irou, 119* 
of jrfJtasMium «nd 
robaUj 109 
Hilu ie arid, 176 
Silieon, 111, 148, 178 
ear hide, 177 

dio\iLh', 176 

Silver, 148, 167, 177, 193 
rhhii'iile, 167 
(lonuan, 181 
ii’itrnle, 12, 167 
ultru-nariup, 114 
white, 82, 130 
Siinjile rrplai emeiit, 153 
Sitmi]t^v7;pnus I'oiifrast, 

137 

Suiopis, 95, 117 

Sky blue, 23 
Slab ill lie, 130 
Slakenl lime, 179 
Slaking lirrir, 179 
Slide, 178 

ilTvy, 51, 98 
Smalt, 109 
Snow i\htte, 128 
Siiaji. 292 

Siiapstoiip, 19, I78> 191 

SoMn, 127. 175. ife 
ash, 176 
prystHl, 175 
lye, 173 

EiltramarlrieH, 112 
washinjj; ',76 
Smlinai, m, 136, 144, 
14S, 173 , 

w-etate, 2tt3 
aluminatr, 182 
bk-arb[iuate, 17a 
earbnuatP, 62, ' 113, 
170, 176 
onhyilroaHj 175 . 
ehloride, i33, 168 
tluoride, 169' 
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k ferrocTanifc, 10£ 
hy<lroiit!e, 40, 

i:i. a04* » 

niangaujjtf^, 89 ■ 

107 ^ 

pcrnrnn^atiftto, 89 
iwtaaniuNL hutraU\ 

so< * 

»ili.-«t«, 176. 177 

atannatPj 189 

Mt<-arate, 30S 


fiulpliatt'* 

101. 

113, 

1:6 * 



Hulpliiile, 

11, 

113. 

192 




1f‘tralioratr, J77 

wislXov frlass,*nfi 
Soft i'oal, 43, 1&8 

wrttrr, 161 
Sellar spi'i'trnrh, tJU 
Solnlilo fTiin 2iiT^ 

PniKhiuti Mii{\ 101 

HoUitioim, 154 

ii!i]>Mha, 1:^ 

SolvpntH, volatile, 12 

Soot brown, 23 

^ * 

SpniiiHb wtijte, 125 ' 

SjieHfir ffrai'ity ut' ele 

rmiiH 14S 
Spei-troseopr, 130 
S|n?efruTii, jniMimtir, ISTi 
solar, 135 
Speltei*, 120, m 
Spio[i[eleirtE‘ii, IH^ 
SpontaiieouR lUiulHistEnJiH* 

159 

>St alas'll !rs, 179 
179 

Staimtc^ ehlor.Ulc, 189 
hyc^foxide, 189 ' 

axitle, 189 
sulphiito, 189 
StAinoiia i-hloride, 189 
K^taanOiii, 189 
SUrrti, 66, 78, 102, I&Sh 

m, 204, au6 

test foi^ 78 p Ifitp HXXU 

St^'arit' aeiil, g02 


jtetrin, ^03 
Stratite, 10, 191 
.^teel, 188, 1S6 
mue, Iftl 

SteiUii^r aiive^ 193 
Stbiiutti, 189 
Stick iuk, 80 
Stirit'la^v, 64 

Sti[ t\K fraJii lu'uii, 26, 

127 

bviiiio, 26. 127 
Stioog aci-l.s, li^5, 174 
liaJfPJt, 175 

StrMTif]|in yellow, 30, 38, 
41, Sll * 

Stm^tiiiin, 144, 14Sp 18^1 
chlohdi', 80, ISIt 
i'hioiM:ite,3{l.S8, 114 p 
1X7 ♦ 

1H."», 1X0 

Kiiljiihiilr, 144 
Strnrtnml f<n iiiiila,, |1U 
Stucco, 62. 189 
Sitblij nation, 169 ^ 

*Snbbineji oxallr acid, 20l 
whit(= kad, 125 
Substunlive coloiun^^ nUil 
r^i^, 76 
77 

jXpuietits, S 

HSubMitution jtroihuts, 197 
Snciast^, 294 
Suciosi, 203* 

SuK^ii K, 198, 293 

Su^ar, barlt-y, 29S 

bcrt 298 
* .niif, aos 

co jiini , 29It 

ilrxtroHO, 201 

fnietnse, 29S ^ 

^Uu'Orti-, 203 t 299 
tent for, 264 

InveTt, 204 
Aiijjjle, 293 
/rock eajjily, ^13 
^ nacL'haraae, 308 
MueroHi', 203 


22-^> 

.•table, 208 
of le^, 121,123,124, 
188 

Sulphate (ion) 

test foi*, 165 , 

Sulphates, 166, *191 
Sulphate ultiamariiK^s, 

1J3 

Wuij>litiln of aiseiiie, 4'. 

73 

barium^ 144 
(if carbjiUnnj 2S 
(if calciimi, 144 
of lead, 60, 188 * 

Ilf .. 3J, 117 

of Miontbmi, 1*4 
Siilphidi'f^* 191 
Suliiirmfl'^ioftc 70 

Sulphur, 39,*^1U, 113, 
115. llilm. 147, 
MS. 19t 1»3, i 94 
;uiif;rj^li(iVs, 191 
ioU>rs,*l92 

crude, 191 
dioxide, 192 

^ tl^weii^ of, 20, 191 
milk iiU 191 

,oi thdi hombie. 191 
pTi^^li^^ 191 

|jn^]iiatu-. 191 

Eoll. 191 

SnJpliurii acij). 7, 1], 164*’^ 
SuJjpUurouN acid, 7 
SniiU;;ht, 135 
Surfuec r^Joi M, 1^3, 

Swcdit.h ^reeti^ 53 
Symbols elements, 14S, 
159 ' 

Suithesis, 147, 153 
Synthetic iudi^o, 44. 79 
perfuim's ami flavors, 

293 

Ssriaji asplialt, 30 

'fable of elements^ 1*8 
snit^ 168 

f*np!iT. 293 

1 



226 


1 I 7 DEX 


of woighta *pnd 
moftsure, 20^ • 

Tailors^ chalk, lOi 
Talc, 19, J76, 1«1 
Takjuiu, 19, 176, 191 
Tail barlf, 121 
Tnmnc acid, 184 
Tar, 198 
coal,^43 

Tartar, 24 « 

Tartaric acU, 162^301 
Technique of testiatj pi;;- ^ 
^1110 nts, 11 
Teiiitc neutre, 92 
Telliirtnni, 115, 14S 
Temiipru paint in;; 
>!Touiids, Spaiy^jli ami 
Italian, 136 

•TenippratVi^s, tabic fif 
♦cuiiverjiion, 30S 
Ternary coj^pouaiK^ ISfi 
Terra alba, W- * 
ill i-iena, 94, KKj 
bruciata, 27 
irdmbia, 104 
bruciata, 2Si 
puzzauli, 64, 93 
rosn, 64. 93 * 

vcnle, 116 
Terre eiiasid, 115 

tic l^ienre, 94, 163 
lie Vei une, 110 

,fl 'oiiiljn'^ 104 
•brulee, 28 
Sieuna 27 

Verte, 28, iin 

burnt, 18, tin 
brullee, 28 
Tertinry colorK, 13A 

Test, flaiHo for Jtietals, 
144 

for basic iron sul¬ 
phate, OG 


for ehlorin^ ion,4.2^ 

107 

for chromate radi¬ 
cal, 41, 187^ 
for coValt, Z2t 47,48 
for copper, 53j E5, 
117, 188 ^ 

for dyes, 12, 46 
for gypsui!^, 62 
for hydrocliL /ric acid, 
168 

for iodine, 109 
for metals- bora\, 

178 ' 

* for Prussian blue^39* 
fnr soluble infiiuri' 
ties, 13 

^ for htarch, 78, 109 * 
* for sU|;ar (j^liicose), 

2«4 

for sulphate radieie, 

* 103 

inn, 166 

fttr tintinj; streit^;t!i, 

14 

qii;iJitative, of pi;; 
inents, 11^ 

'resting; pi;;ineii1s. ier]i 
luqne, 11 1 

Telraehlor met bant', 197 
Ticrva de ^^iena, 94. 19.3 
Tjt rrji. de ^oinbr:!* 194 
to?itadn, 2K 
Siena toslatla^ 27 
virile, 110 

tostailo, 28 * 

Tin, 92, 128, 148. 1S9 
ehlorido, 189 
ojtide, 169 
Tystala, 489 
tydroxide, 79 
oxide, 35, 91 
Tincture of iodine, 169 
Thii, 139 

Tinla *neuti-a, 92 ^ 


Tiuting Jtrength testj#! 
Titaniiftn, 148 
Toil(4 pofrders, 191 
lolacnc^ 44 
Toluol^ 12, 44^ 

Tone, color, 139 
contract, 188 
Voiicr, 74 
Tonerde, 42 
Transient colors, 133 
Transparent color, 142 
golden 94 

hydrated oxide of 
chrotnium, 37, 58, 
97 

o\^de of chroniiuin, 

9*^ 

'vhife, 111 
Trene!^;. m 
JuiitCm 

Trirlilonnelhiiue, 107 
True g.\psuiii, fil 
'fuugHten, 14S 
Turloy red, 86 
nmber, 164 
ToH^ish berries, 127 
Tun I hull‘s blue, 2. 193. 
1S3 

'furner^" yelloiv, 00 

Turf|iiobe blue, 71 
Tuscnii red, 64, 6fl 
Tv|h' imtol, ]N9“ t 

d'H ratunr, 111 

i laro, 92, 113 
fll.ianiarine, acid proof, 
113' j 
artiticial^ 112 
^ ash, 111 

Iduc, 23, SS' 41, 47, 
SQ, GLp 52, 64, 64, 
STi 90, 96, 97,i9£, 
199j 111, 143 * 

brown, 115 
l-'rench, Hfl 


* Tents for each PiftmetU ovd its {Ji^iivfrtiivhiitfX ciMraat Fristic prmiK'rfirn intiE 
he ftrand vndrr the Wmpfer on eneh yf'>tjtci*i'n'c piftmeni. 
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11 ^ 
ffreciij 110 , 

BickuesB, ^U ^ 
eiivCT, 114 

violet, 88 , 112 , 114 
yellow, 114 
yelioW'ljiown, 114 
Vltm red rays, 136 
IjJfra'vjolet' ray^, 135 
104 

Umiterfi, 2 ^ 31. 4 £> r>B. 
fiO. 77, 104, 109, 

116 

I'raniuiiij I4g 
rriJie. 67, £06 
r. S. J\ z]iu'r jjjtide, 13.1 
Vjikntr ot' H^nu-nts. Uy, 
iSi. 156 

VjMiailitiiij, 14J1 

Vandyke krolvii, 31. 

36, 43. 108, IJ*'; 
V'oseliipe, m 

Ijhirk, 73 
Vi'hei ld;tek, Z2 
Vi-i;<di[ln Idrie, 71 

red, 31, W. 02. 95, 
184 

M'ark't, 72 
VrifKvr'ehnil.. (M 
Veidi’ 63 

de ridjalt^p, 47 
di' Hotpkcf. 4h| 
esihE'ralda, 55, 07 
di I'olr IJ-, 47 
ill 1 looker, 0 ^ 

0,1 

perm, 100 
j^iik'raldit. 55 , 07 
iiiiTierjil, H 7 
'ininerak', 87 
ve^iffa. 107 
vesriea, 107 

Vevd et [' V Mfnitpe 11 ier, 

no * 


^ VOrdigWsj H, 79, 110, 
187 

,jdQ0, lie 

crystalliac, IIC 
distilled f HG 
Vermiglione^ 117 
Vi^imiJion, 37 , 41, 54 j 87, 
I05j 117, 123, 147, 
1 jO 

A..k’rieat), 18 
antiiiiorty^ ISO 
f’hliiese, 117 

Enjflish, 37, 117 
I mieli, 37, 117 
;r( TiTimc, 18, 25, 31, 
37, ion, 117, 123 

^leen, 37 
iijiiiation, JS 
eriirijre, 37 , 117 
^e.Lilet, 37. Il7 
Hiikk-^jKer, 37, 

105. 117 

VLTiniMunetti', IS 
VeionB bruHii, 3S 
VeroFiese ertttii, 110 

58. no 

v.llew, 90 
Veit eendri'. 53 
dfl (\dult, 47 

dp irrifi. lie 

de liobker. 63 
'V' Moi]1:i^;ne, 87 
de \eh''ie, 107 
lie y.\in\ 47 
I'liiei auiie^ 55, 97 
mineral, W 7 

{p|j\i', 9u 

['jilt Vevom'^-.i', 63 
IICITII., 100 

A'ieliiria red, IK 
Viehtia I'fd, IH 
Vine Maek, 34 
Vi’,e^:!ir, 116, 12K 201 
Vk)letn de auUiiio, MbImi, 

90 

A'kdei eaniuiie, 130 


»erap jaKe, H 
d 'ajfiline rougeatre 
Ma^nta, Kfl 
dc eobalt^ 48 
ultramuriiiOj 88 
Violets de anilina rojiza 
Ma^euta, 

Violette eohalto^ 48* 

iraail ^1 u ft » tr e 

Malva, &0 

it 'aniline Ueuatre, 
Maure, 90 

d "auiJina rossiccio, 

§e 

Viridian, 97 

Viiriol, bine, 64^ 164, 1K7 
ffilteu, tH4 

iron, 101 
(d| oi, 

Vijlj'-intziiij.' l!Ji» 

WjTI'i eulots, 13S 
sejda. 109 
Wanliii'g soda, 176 
Wutor, 11 . 146, 168. 100 
disLIJed, 161 
i71 

ne 

lianl. 161 
natnml, 161 
rain, iGi 
soft. Itii 

of I'rystelliKnlion, m 
^Va\, 57. Ill 
Wrak aeids, U j,j 176 
[nines. 174 

Wfi^hts and measure 
opeiuii>;. 130 
taidos 100 
Weld, 127 
While, 139 

arsenic', 54, 173 
hi>Ie, 43 
indigOH 09 

lead, 25, 30, 49, 50, 
62, 55, 57, 58, 
70, 79, 32, S6, 
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lOB, 119, ftti, 
129, ^31, 132? 
m, 1S£, 201 
83> 106 

*UiU'b, 50, 66F 

'lao 

ujiliUjit-oirc'Jiti, Ifl 
prcK'i'HR, 49 i 

^5r m 

huNiniOil, 126 

190 # 

Whit riling^ 

]ib<>«iiboi us, 171 
\\\i\\v Siiiul, 177 

ziu<^ oxiiUs 133 
WbItUig, 77, 123, 125. 
127, 133, I7f 
huMod giliior’s, 13fl 
125, 12A 
177 

Woo<J, 69 

\Vehi4I aLcuIicii, J0 §* 

ilestrnrfiv^ iMittilfu 
tion, 19H 
Writing iJik, ]H4 
Wrought lion, M 

XnntluMlili^;it<\ 93 
Xyk'Ui', 44 


Xylol, 12, 44 

Tt'ast, 198, 204 
Ycllow-biowti ultrsiiiiu- 
lino, 114 * 

YoMoiv varmiiit*, 127 
ha^iiintite, ttR 
hikes, 26, 38, 95, 127 
nindder. 127^ 
oi'lm, 6S, W.-iM. 103 
110, 184 

pTinisiato of Totii'ih, 
101, 184 
sul]> 1 lkl 0 of 

96 

ultraniaTiiio, 

XuJif, 109 

Xlue, 92, 114, 128, H8, 
180 ^ 

Ijumo oarboiLule, 132 
i ur|]Oun1i\ 93 
<IiIotuIe', 47, ISI 

ihTtuiiiite, 30, 8^}, m, 

187 

leocled, 133 
gm'u, S7, 38.(47 

liydru-Miliejite, J3S 
ii-iirt «iiiti', Jii ' 


jiitrat?; 181 
oxide, |3, 37, 46> 47, 
1^, 128, IHO 
gre«u ^on], 133 
•Josided, 433 • 
Ted seal, 133 
U. B. P., 133 
white ttcal, 133 
Hultft, 180. 
sulphate, 83, IHt 
suljibide, 82, 132 
ZiiK-weiss, 37* 

Zine xvhitp, 30, 37, 41, 51, 


56, 59, Gft, 73, 
77, 79, 81, 83, 


' 90, 92, 

t2H 

Xmeneati, 131 

Vreiii'lij 

130 

^Kiencli 

Proee‘s% 

130 


iucUri’^'t 

jirote^s 

lie yellow, 30, 

3S, 41, 

47, 60, 63, 

81. m 


X ink gel h, 133 
Zink^x'Wiss, 12H 
ZiouolH^r, 117 
green, 37, 
Xyiiias<‘, 204 









